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BIOCHEMISTRY.—The reciprocal effecis between calcium and phosphate ions 
upon the growth, composition, and structure of castor bean, Ricinus communis 
L.! Frank D. VENNING, Swingle Plant Research Laboratory, University of 
Miami. (Communicated by J. R. Swallen.) 


The present investigation was undertaken 
to determine the effects of caicium and 
phosphorus deficiency on the growth and 
development of the main axis of castor bean, 
Ricinus communis L., and to determine the 
possible influence of the interaction between 
calcium and phosphorus ions on its growth 
and development. Comparisons between the 
composition and structure of plants grown 
with and without calcium, with and without 
phosphorus, and with and without both 
calcium and phosphorus are given, and 
possible cause and effect relationships are 
pointed out. New data are presented con- 
cerning growth phenomena as expressed by 
the axis of castor bean, and correlations be- 
tween such growth phenomena and the 
chemical composition of the tissues involved 
are offered. 


MATERIALS, METHODS, AND PROCEDURES 
Methods of Culture of the Experimental Plants 


Certified seeds of Ricinus communis L. var. 
cambodgensis J. B. S. Norton were germinated 
in greenhouse flats of sand, watered with tap 
water, and 12 days after germination were trans- 
planted to four hydroponic culture series: (1) 
Controls (2) minus calcium, (3) minus phospho- 
rus, and (4) minus both calcium and phosphorus. 

For each culture series 10 2-gallon glazed 
stoneware jars were employed, filled with No. 10 

1This study was undertaken as a part of a 
course at the State University of Iowa, and the 
author is indebted to Dr. Walter F. Loehwing 
and Dr. Robert L. Hulbary of that institution for 
their personal interest and suggestions. The study 
was completed in its present form at the Swingle 


Plant Research Laboratory of the University of 
Miami. 


mesh washed quartz gravel for root anchorage 
and aerated by a regulated flow of washed com- 
pressed air introduced into the bottom of each 
jar. Three seedlings were planted in each jar, 
providing 30 plants in each series. A modified 
Knop’s solution was used as a nutrient medium 
in all four series (Table 1), and the jars were kept 
filled with the solution to a level just beneath 
the surface of the gravel. In addition, micronu- 
trients of boron, zinc, manganese, copper, and 
iron were supplied to all series of plants. The orig- 
inal pH of the solutions is noted in Table 1. 

At the time of transplanting the seedlings to 
the cultures the nutrient solutions were diluted 
to supply a concentration of 0.01 per cent of 
total solutes; beginning a week later the level 
of total solutes in all series was gradually in- 
creased by adding small amounts of nutrient 
solution containing 0.1 percent of total solutes 
from time to time as required by the plants, 
until at the end of a 4-week period a concentra- 
tion of 0.1 percent of total solutes was achieved 
in the nutrient solutions of all four series of plants. 
The series were thereafter grown at 0.1 percent 
of total solutes for the remainder of the experi- 
ment; there were no observable adverse effects 
on the plants of a nature which would suggest 
that the osmotic pressure of the solution was 
unfavorable to the growth of castor bean. 

Weekly checks of the pH of the nutrient solu- 
tions in the cultures were made, and it was 
noted that the pH in the control series and to 
some extent in the series lacking both calcium 
and phosphorus tended to rise above 7.0, pre- 
sumably because of unequal uptake of ions. The 
cultures were artificially maintained in a pH 
range between 6.5 and 7.0 by the addition of 
small amounts of HCl when indicated, as some 
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foliar chlorosis develops in castor bean when the 
pH rises above 7.2. It was determined that the 
chlorosis was caused by insufficient iron uptake 
in the alkaline medium, which was quickly over- 
come when the pH was maintained slightly below 
7.0. 


TABLE 1.—COMPOSITION OF THE 
NUTRIENT SOLUTIONS 
1. Controu (pH 5.35) 
2g KNO; 2g KH2PO, 
2g MgSO. 8g Ca(NOs): 
Distilled water to make 14 liters. 


2. Minus catctum (pH 5.4) 
2g KNO; 2g KH2PO; 
2g MgSO, 4g Mg(NOs)2 


4g NaNO; Distilled water to 14 liters. 
3. Minus PHospHorRvus (pH 5.9) 


2¢ KNO; 


w 


lg KH2SO, 

lg KCl 2g MgSO, 

8g Ca(NOs)2 Distilled water to 14 liters. 
4. MINUS CALCIUM AND MINUS PHOSPHORUS (pH 6.1) 


2g KNO; 4g Mg(NOs;)2 
2g MgSO. lg KCl 
lg KHeSO4 4g NaNO; 


Distilled water to 14 liters. 


All four series of plants were grown simultane- 
ously in the same greenhouse under comparable 
conditions of light, humidity, and temperature. 
Since the castor bean is of tropical origin and 
these investigations were begun in the north at 
latitude 42° in the month of January, the photo- 
period was extended to 12 hours per day by 
means of 16 20-watt fluorescent lamps hung 6 
feet above the greenhouse bench. This extension 
of the photoperiod allowed the plants to develop 
under conditions more nearly approximating 
those which would be considered “normal” for 
castor bean. 

At the beginning of the experiment the day 
temperatures were maintained at 75°F., and 
night temperatures at 65°F ., the day temperature 
coinciding with the period of illumination. 
Fifty-two days after their introduction into the 
culture media small flower buds were noted on 
several plants in all four series, and the tempera- 
tures were raised to 75°F. night—85°F. day, and 
maintained there during the balance of the ex- 
periment, a total of 133 days. 

Sampling: Anatomical Data 

Growth within any particular series was rela- 
tively uniform for all plants in that series. Be- 
cause of this uniformity the plants were not 
sampled at random but were sampled selectively: 
The three plants having the longest, shortest, 
and the most nearly medium-sized axis were 
selected from each series, and the anatomical 
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and morphological data were based on tieir 
development. Within the four series the d:tes 
of sampling were staggered to give more nei:rly 
comparable results, and were as_indicaied: 
Controls: after 113, 118, and 122 days in the 
cultures; Minus calcium: after 116, 120, and 123 
days; Minus phosphorus: after 116, 121, and 
124 days; and the series Minus calcium and 
minus phosphorus after 117, 122, and 125 cays 
in the nutrient cultures. At this time all elonga- 
tion had ceased in the lower portions of the axis, 
and secondary radial growth was relatively slow. 
The seven basalmost internodes were selected 
for study because they were all differentiated at 
approximately the same time in all four series, 
and the eighth node had been differentiated 
before the inception of any floral primordia. The 
tissue of these lower internodes was thus the 
most comparable, physiologically, between the 
series. 

The tissues composing the axis of castor bean 
are arranged as a series of fairly regular concen- 
tric cylinders, with the exception of a small 
region at each node where the leaf trace leaves 
the stele, and which was ignored for the pur- 
poses of this study. Several transverse and longi- 
tudinal free-hand sections were made near the 
center of each internode, stained in a 1:10,000 
solution of neutral red in distilled water, and 
mounted in glycerin for microscopic study. Eight 
transverse measurements were made of the width 
of each of the major tissue regions within each 
internode of each plant. As successive nodes are 
not at an exact right angle to the sides of the 
internode, the length of a particular internode 
was determined as the average of its longest and 
shortest length. From averages of the data so 
obtained it was possible to determine the trans- 
verse-section area and actual volume of all major 
tissues within a particular internode. 

The sections were also used for volumetric 
studies of the pith cells. Tangential, radial, and 
longitudinal measurements were made of 50 
pith cells from each internode. Those pith cells 
nearest the center of the internode are the largest 
in all three dimensions. They gradually decrease 
in size as one moves toward the periphery of the 
pith; the smallest cells bordering on the medul- 
lary sheath are from one-third to one-fourth as 
large in any one dimension as those nearest the 
center (the immediate center of the more mature 
internodes is hollow). In order to secure cell 
measurements which would afford a relatively 
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average picture of the development of the pith 
within a particular internode, and because of the 
general progression of size in the cells as described, 
these cells were not sampled at random; all of 
the pith cells which lay along two vectors which 
intersected at right angles in the center of the 
internode were measured along their greatest 
radial and tangential axes. There were usually 
between 12 and 13 pith cells along a vector from 
the medullary sheath to the hollow center of the 
internode. The 50 longitudinal measurements 
were made in a similar manner, i.e., the same 
number of cells was measured along vectors ex- 
tending at right angles from the medullary 
sheath to the center of the internode. 


Sampling: Histochemical Data 


Standard histochemical testing procedures as 
described by Chamberlain (1932), Johansen 
(1940), and Foster (1949) were employed to 
determine the presence and extent of a number 
of substances in the seven basal internodes. It 
was usually possible to determine in which tissue 
a particular substance was present, and also 
possible, within the limits of sensitivity of the 
tests, to determine relative quantities of a par- 
ticular substance. Five plants from each series 
were employed for this purpose, and the tests 
performed on fresh freehand sections usually 
made from the center of the internode, but 
frequently from the upper and lower portions of 
each internode as well. A part of these determina- 
tions were made during the period of anatomical 
sampling, and the remainder were performed 
within the subsequent week; the plants had thus 
been growing in the cultural solutions for a period 
of 126 to 133 days. 


OBSERVATIONS 


General Growth and Development of the Four 
Series of Plants 


During the period of vegetative growth the 
axis of castor bean is monopodial. One leaf is 
produced at each node; the axillary buds re- 
main dormant and the axis is unbranched. With 
the advent of flowering the habit becomes sym- 
podial; in addition to the leaf a terminal inflores- 
cence is produced at each node, and the axillary 
bud develops the successive internode. The stem 
is thus of indeterminate growth, and the plant 
is a perennial under favorable environmental 
conditions. 
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During the entire vegetative phase of growth 
of the plants studied in this experiment, differen- 
tiation of nodes and leaves took place at the 
same rate in all four series; i.e., successive nodes 
and leaves became visible on all plants after the 
same time interval had elapsed. During this 
phase the lower internodes of all plants were 
approximately of the same diameters and lengths, 
but sensitivity to differences in nutrient supply 
was soon apparent in the leaves. The control 
series, with a complete nutrient supply, had 
foliage with the largest leaf area, deep green in 
cole. The leaves of plants deficient in calcium 
had an area approximately two-thirds as great 
as those of the control, somewhat ‘wrinkled in 
texture, and yellow-green in color. Plants lack- 
ing phosphorus had a leaf area about three-fourths 


.as great as the control, and developed the deep 


blue-green hue frequently associated with phos- 
phorus deficiency. The plants deficient in both 
calcium and phosphorus more closely resembled 
the control than did either of the series deficient 
in calcium or phosphorus alone. The leaves were 
of comparable color and size to those of the con- 
trols. 

The uptake of nutrient solution during the 
vegetative phase of development paralleled 
general size and leaf area of the plants. It was 
greatest in the controls, next largest in the series 
minus both calcium and phosphorus, and least 
in the series minus calcium. 

Fifty-two days after their transfer to the 
nutrient solutions, inflorescences were noted on 
several plants in each of the four series, and 
within a few days the first inflorescence had 
appeared on almost all of the plants. The first 
inflorescences were differentiated at either the 
eighth or ninth nodes on all plants. 

After entering the flowering phase, profound 
changes in development took place between the 
four series of plants. The control plants continued 
to develop vigorously, and fruits were set and 
matured from the lower flower spikes while new 
foliage and inflorescences were continuously 
differentiated at each successive node. The leaves 
produced at the flowering nodes were somewhat 
larger than those from vegetative nodes; the 
blade width averaging slightly over 30 cm. Nutri- 
ent uptake in this series gradually increased 
throughout the course of the experiment. At the 
time of sampling, the roots were noted to be 
clean and firm, much-branched, and in active 
growth. 
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In the series minus calcium, flowering brought 
about an abrupt cessation of elongation in the 
axis. For a time nodes and internodes continued 
to be differentiated at the same rate as those of 
the control, but subsequent elongation of the 
internodes was greatly inhibited, both in the 
newly-formed ‘floral’? internodes and in the 
younger internodes which had been differen- 
tiated prior to the appearance of the first inflor- 
escence. Increase in stem diameter was also 
retarded, but not to as great a degree. The inflor- 
escences produced were rudimentary, and _ be- 
came increasingly so at each successive node. A 
few of the male flowers of the first inflorescences 
produced pollen, but for the most part the male 
flowers were sterile; and no fertile female flowers 
were produced in any of the inflorescences. 
Foliage differentiated at flowering nodes was 
much reduced in size; most leaves had a blade 
under five centimeters wide. This foliage was 
pale yellow or almost white, brown-spotted, 
curled or wrinkled, and ephemeral. The leaves 
on the vegetative portions of the axis were gradu- 
ally abscised, and as defoliation increased, the 
rate of growth of the apical portions of the 
axis fell behind that of the control and finally 
ceased altogether. Uptake of nutrient solution 
decreased sharply after the initiation of flowering, 
and continued to decrease during this phase of 
development. Many of the plants in this series 
remained alive until the termination of the ex- 
periment, but all had ceased any visible develop- 
ment. At the time of sampling the roots were 
noted to be soft, relatively few-branched, and 
considerable sloughing of root tissue was evident. 

In the series deficient in phosphorus, the first 
inflorescence bore fertile male and female flowers, 
and young fruits were set. As development of 
the first fruits began, the lower leaves developed 
dark brown spots, became flaccid, and were 
promptly abscised, so that the “vegetative” 
portions of the axes of these plants were almost 
completely defoliated within a week. Elongation 
of the younger “vegetative” internodes and 
newly-formed “floral’’ internodes was inhibited, 
but not to so great a degree as in the plants 
lacking calcium, and their lateral expansion was 
only slightiy inhibited. The foliage produced at 
the flowering nodes was smaller than that formed 
previously, with a blade width between 10 and 
15 cm. The rate of differentiation of the subse- 
quent internodes was slowed, and if young fruits 
were forming on the first inflorescence, the female 
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flowers were abscised from all subsequent. in- 
florescences. On the lower inflorescence, if several 
fruits were developing, all but one were abscixed; 
and this remaining fruit required a longer peviod 
to mature than did the earliest fruits of the 
control. At maturity the seeds were found to be 
undersized, imperfectly formed, and contained 
almost no endosperm. The embryo was rudi- 
mentary, and the seeds were nonviable. Plants of 
this series which matured a fruit as described 
died when the capsule matured and dehisced. 
A few plants in this series did not enter the floral 
phase of development; these continued vegetative 
growth for the duration of the experiment. As 
new leaves were differentiated the older foliage 
underwent the discoloration and abscission as 
described for the plants which flowered, but the 
abrupt loss of foliage did not take place; the 
new leaves were larger, attaining a width of 
20 cm. The uptake of nutrient solution decreased 
with defoliation, and remained at a relatively 
low level thereafter. The roots of these plants 
were not so extensive as those of the control, 
but appeared to be healthy and in slow growth 
at the time of sampling. 

The series lacking both calcium and _ phos- 
phorus reacted to flowering in a manner similar 
to the plants grown without phosphorus, but 
with several important differences. At first they 
showed none of the outward effects seen in the 
series deficient in calcium. The lower inflores- 
cences set fruits, and discoloration and abscission 
of the lower leaves followed, but defoliation took 
place more slowly in this series than in that lack- 
ing only phosphorus. Subsequent inflorescences 
did not set fruits, but the elongation of the inter- 
nodes was inhibited less in this series of plants. 
Two or three fruits were ultimately matured on 
the lower inflorescence; they were slow to ripen, 
undersized, with small seeds, but endosperm was 
present, the embryo appeared normal though 
reduced in size, and several were viable. During 
maturation of the fruits the rate of differentiation 
of the upper nodes and internodes was retarded 
below the control, and the new foliage produced 
during the maturation phase resembled that of 
the plants in the series minus calcium. The leaves 
were about 10 cm broad, somewhat wrinkled 
and chlorotic, but never as much so as those of 
the plants lacking calcium alone, and they were 
fairly persistent. Plants in this series did not die 
at the maturation of the fruits, but subsequent 
differentiation of nodes, as well as stem elonga- 
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Fic. 1.—Diagrammatic transverse-section area 

of a segment of the axis of castor bean, indicating 
the general tissue regions in the axis and their 
arrangement: 1. Epidermis, composed of a single 
layer of small brick-shaped cells which bear on 
their outer face a cuticular layer. 2. Outer 
cortex, or hypodermis, is made up of relatively 
small cells of isodiametric shape, for the most part 
collenchymatous, containing abundant chloro- 
phyil. 3. The inner cortex is parenchymatous, 
the cells highly vacuolate, more or less isodia- 
metric, chlorophyll-bearing, and of larger individ- 
ual volumes than the cells of the hypodermis. 
4. Sclericycle is several cells deep, an interrupted 
layer of mechanical tissue with greatly thickened 
cell walls, and whose protoplasts are dead at 
maturity of the elements. Ontogenetically it is 
probably a part of the primary phloem. 5, 6. 
The phloem contains two distinct regions: The 
outer, older, primary phloem (5) contains a high 
proportion of phloem parenchyma, quite large 
amounts of chlorophyll, and is probably no longer 
active as conductive tissue. It is for the most part 
of primary derivation. The inner, younger, second- 
ary phloem (6) is principally composed of phloem 
parenchyma, sieve tubes, and companion cells; 
is derived from the vascular cambium. 7. The 
vascular cambium is continuous around the stem, 
and appears as a thin cell layer one cell in thick- 
ness. 8. Secondary xylem parenchyma is the 
tissue lying to the inside of the vascular cambium, 
and which has not as yet undergone differentiation 
into one of the more complex xylem elements. 
9. Xylem is represented by the large black area in 
the diagram. The bulk of the secondary xylem is 
eomposed of small elongated cells with pitted 
lignified walls, tapering ends, and living proto- 
plasts. These mechanical and storage elements, 
the xylem prosenchyma, are derived from the sub- 
sequent differentiation of cells which arise from 
the activity of the vascular cambium. 10. 
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tion, was greatly retarded. Uptake of nutrient 
solution became more and more retarded as the 
leaves were abscised, and, while the uptake was 
greater than in either of the series lacking only 
one macronutrient, was far less than the control 
plants. Root development at the time of sampling 
was comparable to the piants grown without 
phosphorus, and there were no evidences of 
deterioration of root tissue. 


Structure and Development of the Basal Internodes 


The tissue of the internodes of the main axis 
of castor bean is at first solid, but unequal rates of 
differentiation and expansion of the inner and 
outer tissue regions result in a hollow area ex- 
tending down the center of exci: internode as 
it matures. All axial tissues are differentiated as 
a series of concentric cylinders of fairly regular 
outline as shown in Fig. 1. At the time of sam- 
pling, both primary and secondary tissues were 
present in the axes of all plants. As is seen in 
Fig. 1, the axis of castor bean is of regular and 
conservative structure, free from growth anom- 
alies. Under the conditions of extreme deficien- 
cies of calcium and phosphorus in this experi- 
ment, no changes in anatomical “patterns” or 
tissue arrangement occurred. The tissues as 
described in Figure 1 were developed in all 
series of plants; the response to variations in 
nutrients was expressed by differences in quan- 
tities of tissues and their proportions to one 
another. Such differences in quantities reflected 
differences between the activities of the meri- 
stems, both apical and vascular, and also reflected 
differences in the amount of secondary differ- 


Pith rays are usually only one or two cells wide, 
may have a thin deposition of lignin in their walls, 
and usually extend from the medullary sheath 
across the vascular cylinder to the cortex. They 
are represented in the diagram by white lines in 
the xylem. 11. The first formed conducting 
elements and protoxylem parenchyma, both of 
which are primary in origin, lie to the inside of the 
secondary xylem cylinder as a series of small verti- 
cal ridges which project into the pith, the so-called 
protoxylem points. The largest number of vessels 
(represented by white circles) are found in these 

rotoxylem points. 12. Medullary sheath: 

he outermost layers of the pith, one to three cells 
deep and abutting on the inner face of the xylem 
cylinder. They differ from the remainder of the 
pith cells in their smaller transverse diameter, 
greater length, and intercellular spaces much 
reduced or lacking. 13. The pith is the inner- 


most tissue. The cells are parenchymatous, iso- 
diametric in transverse view, and highly vacuo- 
late. 14. Hollow in the center of the axis of the 
more mature internodes. 
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entiation into specialized tissues from cells 
originated by these meristems. 

As the quantity of primary vascular tissue is 
small, the bulk of the vascular tissue is secondary 
and the area of xylem and phloem affords an 
index of cambial activity within the axis. These 
data are presented for all series of plants in 
Tables 2 to 5. For purposes of measurement, 
the medullary sheath was included with the 
pith; xylem was measured from the medullary 
sheath to the cambium; phloem from the cam- 
bium to the outside of the sclericycle (as these 
cells are probably primary phloem derivatives); 
and the cortex included all tissue between the 
sclericycle and epidermis. 

As shown in Tables 2 to-}, the larger areas of 
secondary tissues are found in the first basal 
internode, and the proportions of vascular to 
nonvascular tissue decreased in each successive 
internode. The diameter of the pith is succes- 
sively increased; whereas the transverse-section 
area of cortical tissues is approximately constant. 

In the control plants there is a marked ten- 
dency for each successive internode to elongate 
to a greater degree than the previous internode; 
this trend continues until “floral” internodes are 
differentiated; from the first node bearing an 
inflorescence upward the internodes are of more 
or less equal length. 

In the series lacking calcium, cambial activity 
was greatly reduced, particularly in the upper 
internodes. In the fifth and sixth internodes, 
most of the secondary xylem indicated in Table 3 
was xylem parenchyma, cells of cambial origin 
which had not undergone any differentiation 
into functional xylem elements. There was little 
secondary xylem in the seventh internode. On 
the other hand, the primary xylem was well 
differentiated into conducting elements in these 
upper internodes. A small amount of phloem in 
the upper internodes appeared to be derived 
from the vascular cambium. The length of the 
internodes in this series decreased progressively 
upward. 

The first three internodes of the plants grown 
without phosphorus showed similar develop- 
mental patterns to those of the control, with a 
progressive increase of length of the internode. 
The length of the remaining vegetative inter- 
nodes tended to become constant, with decreased 
length occurring in the “floral” internodes. 
The transverse-section area of vascular tissue 
progressively decreased, but the elements were 
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‘or the most part well differentiated into cond ::ct- 
ing and mechanical tissue. 

The tissues of plants grown without loth 
valeium and phosphorus more nearly resem)led 
the controls than did either of the series grown 


without calcium or phosphorus alone. Progressive ° 


increases in internodal length were similar for 
the first five internodes; thereafter the internudes 
became progressively shorter. Secondary vas- 
cular tissues were well differentiated in all seven 
internodes. 

The average volumes of the various tissues in 
the first seven internodes were computed from 


TABLE 2.—TissueE AREAS AND LENGTHS IN THE 
Seven Basa INTERNODES OF THE CONTROL 
Series! 





AREA OF: (Areas in mm?) 




















LENGTH OF 
PRINTS URLS HET | INTER NODE 
Pith | Xylem | Phloem! Cortex 
mm. 
INTERNODE 1 | 
Plant 1.. 12.26 43.10 13.12 | 8.09 17.5 
Plant 2 15.49 53.18 13.97 | 8.86 16.5 
Plant 3. 10.24 58.05 15.31 9.69 22.5 
Average 12.66 | 51.44 14.13 8.88 | 18.83 
INTERNODE 2 
Plant 1 13.91 41.10 13.39 | 7.60 14.5 
Plant 2. 18.16 49.68 14.25 | 7.55 24.0 
Plant 3 16.51 51.81 13.91 8.38 17.5 
Average 16.19 47.52 13.85 | 7.84 18.67 
INTERNODE 3 
Plant 1 17.17 36.42 10.82 | 8.98 17.0 
Plant 2 20.20 43.64 13.04 | 7.43 19.5 
Plant 3 15.87 47.88 13.23 | 7.72 25.0 
Average 17.75 | 42.65 12.36 | 8.04 20.5 
INTERNODE 4 | 
Plant 1 30.74 26.78 11.21 | 8.43 24.0 
Plant 2 36.21 36.71 13.18 | 8.86 25.3 
Plant 3 24.25 42.62 12.81 7.21 29.0 
Average 30.40 | 35.37 12.40 | 8.17 26.1 
INTERNODE 5 
Plant 1 37.61 | 21.47 | 10.57 8.51 35.0 
Plant 2 41.69 31.03 11.13 9.59 39.0 
Plant 3 32.13 37.25 11.95 8.11 38.0 
Average 37.14 28.92 11.22 | 8.73 37.33 
INTERNODE 6 
Plant 1 39.70 21.80 10.75 | 9.29 32.0 
Plant 2 38.32 | 22.85 | 10.02 | 7.85 40.0 
Plant 3 38.44 31.69 11.07 8.78 47.0 
Average 38.82 | 25.45 | 10.61| 8.64 39.66 
INTERNODE 7 | 
Plant 1 45.81 17.16 10.50 8.98 40.0 
Plant 2 45.86 | 20.33 9.73 | 8.35 38.5 
Plant 3 38.90 | 25.26 | 10.32 | 7.66 56.0 
Average 43.52 |- 20.92 10.18 8.33 44.83 


1 Internode 1 is basalmost. 
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the data of Tables 2 to 5, and are presented 
numerically in Table 6, and diagramatically in 
Figs. 2 to 5. 

The length of any axis segment, or internode, 
is primarily determined by the number of tiers 
of cells within the unit, and the degree of elonga- 
tion which they have undergone; whereas the 
transverse-section areas of primary tissues, such 
as the pith and cortex, are determined by the 
width of the apical meristem, and the subsequent 
degree of intercalary growth and expansion of 
the cells. In all four experimental series, the size 
of the individual secondary vascular elements 


TaBLE 3.—TissuE AREAS AND LENGTHS IN THE 
SevEN Basa. INTERNODES OF THE Si#RIES 
Minus Catctum! 


AREA OF: (Areas in mm?) 
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was approximately the same, but the size of 
primary elements, such as the cortex and pith 
cells, was dissimilar. The rate and degree of 
activity of the apical meristem is directly reflected 
in the number of nodes produced, and the actual 
number of cells in the primary tissues of the 
internodes. As the pith had the largest overall 
volume of any tissue in the axis, and is the first 
tissue to terminate meristematic activity and 
undergo vacuolation during the ontogeny of the 
internode, its cellular makeup was selevted as 
an index of the activity of the apical meristem 
at the time the lower internodes were differen- 


TaBLE 4.—TissuE AREAS AND LENGTHS IN THE 
SeEvEN BasaAL INTERNODES OF THE SERIES 
Minus PuHospuorus! 


AREA OF: (Areas in mm?) 























LENGTH OF LENGTH OF 
ee ee Es —— | INTERNODE Re aeguae oe Reape | INTERNODE 
Pith | Xylem | Phloem | Cortex Pith | Xylem | Phloem) Cortex 
mm. mm. 
INTERNODE 1 INTERNODE 1 
Plant 1 8.69 6.72 4.03 4.81 10.5 Plant 1 14.80 6.12 4.79 4.7 16.5 
Plant 2 19.15 10.82 7.2 8.27 20.0 Plant 2 17.54 | 19.10 8.73 7.52 | 15.0 
Plant 3 13.85 10.40 6.42 7.23 30.0 Plant 3 20.00 10.70 7.75 7.60 15.0 
Average 13.39 9.31 5.90 6.77 20.17 Average . 17.45 11.97 7.09 5.61 15.5 
INTERNODE 2 INTERNODE 2 
Plant 1 10.48 6.44 4.92 4.72 9.0 Plant 1 15.29 | 6.92) 4.76 5.24 15.0 
Plant 2 18.08 7.09 7.19 6.80 15.5 Plant 2 19.68 | 16.70 | 6.87 a 18.0 
Plant 3 12.06 8.63 5.99 | 5.99 25.0 Plant 3 22.68 | 10.44 7.22 | 7.05 | 16.0 
Average 13.54 7.38 6.06 5.84 16.5 Average 19.22 | 11.35 6.28 6.48 16.33 
INTERNODE 3 INTERNODE 3 | 
Plant 1 11.01 5.29 4.42 4.79 13.5 Plant 1 18.66 5.55 4.20 4.93 | 16.0 
Plant 2 19.95 | 4.66 6.32 6.52 | 16.5 Plant 2 23.78 | 13.53 | 7.48 6.99 | 24.0 
Plant 3 18.17 8.26 6.51 6.65 20.0 Plant 3 26.17 7.44 | 5.97) 6.73 | 20.0 
Average 16.38 6.07 5.75 5.99 16.67 Average 22.87 | 8.84 5.87 6.22 | 20.0 
INTERNODE 4 INTERNODE 4 
Plant 1 16.32 3.76 4.74 5.61 19.0 Plant 1 22.09 | 4.70 4.45 5.40 | 17.0 
Plant 2 21.40 1.01 5.30 6.89 | 15.0 Plant 2 | 24.50 8.21 5.85 5.81 | 22.5 
Plant 3 21.20 3.68 6.18 6.09 | 15.0 Plant 3 27.96 5.83 6.72 5.78 23.0 
Average 19.64 2.81 5.41 6.20 16.33 Average 24.85 | 6.25 5.67 5.66 | 20.83 
INTERNODE 5 INTERNODE 5 
Plant 1 16.64 1.86 4.46 | 5.23 | 10.0 Plant 1 20.55 | 2.55 3.41 5.85 17.0 
Plant 2 18.19 0.00 3.90 5.54 | 11.0 Plant 2. 27.20 | 8.74 4.99 6.17 18.5 
Plant 3 24.32 3.11 6.52 6.69 | 10.0 Plant 3 30.80 | 3.97 5,09 7.61 27.5 
Average 19.72) 1.66 4.96 | 5.82 | 10.33 Average 26.18 5.09 4.50 6.54 21.0 
INTERNODE 6 INTERNODE 6 | x | 
Plant 1 14.10 0.62 3.15 | 4.70 | 7.5 Plant 1 | 21.47 | 2.18 3.00 | 5.28 | 17.0 
Plant 2 11.60 | 0.00 2.57 | 4.26 | 6.0 Plant 2. 28.53 | 6.13 | 4.49 | 5.59 21.0 
Plant 3 29.28 0.00 6.31 7.36 10.0 Plant 3 27.87 | 2.63 3.77 6.42 28.0 
Average 18.33 | 0.20) 4.01 | 5.44 | 7.83 Average | 25.96 | 3.65 | 3.75 | 5.76 22.0 
INTERNODE 7 | INTERNODE 7 | 
Plant 1 11.97 0.00 2.65 3.93 | 6.0 Plant 1. 19.15 1.42 2.08 | 5.00 | 15.0 
Plant 2 9.25 0.00 2.17) 4.69 | 3.0 Plant 2 29.40 | 4.12 4.25 | 5.53 20.0 
Plant 3 24.10 0.00 5.24 | 6.46 | 10.0 Plant 3.......| 24.37 1.90 3.34 | 5.36 | 25.0 
Average 15.11 | 0.00 3.35 5.02 | 6.33 Average . 24.31 2.48 3.22 5.30 20.0 





1 Internode 1 is basalmost. 








1 Internode 1 is basalmost. 
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tiated. The average volume of the pith cells in 
all four series is presented numerically in Table 7, 
and diagramatically in Figs. 6 to 9. 

The average size of individual pith cells of 
the control plants tend to become increasingly 
larger in the first four internodes, then the size 
decreases slightly and tends to become more or 
less constant. In the plants lacking calcium the 
average cell volume is greatest in the first inter- 
node, slightly exceeding the control. These cells 
show a general trend to become more reduced 
in volume in each successive internode, and the 
average cell volume is much less than that of 


TABLE 5.—TissvuE AREAS AND LENGTHS IN THE 
SevEN Basa. INTERNODES OF THE SERIES MINUS 
CaLctum AND Minus PHospHorus! 


AREA OF: (Areas in mm?) 


























LENGTH OF 
eS ee a ~| INTERNODE 
Pith | Xylem | Phloem| Cortex 
mm. 
INTERNODE 1 | | 
Plant 1 15.30 | 13.23| 8.54] 6.86 11.5 
Plant 2 21.96 | 14.32} 11.82] 7.93 14.0 
Plant 3 | 18.05 | 17.51) 10.83 / 7.76 | 17.0 
Average 18.44 | 15.02 | 10.40 | 7.52 14.16 
INTERNODE 2 | 
Plant 1 16.80 | 12.02| 7.83 | 5.62 14.5 
Plant 2 | 20.58 | 15.14 | 11.98 | 7.89 12.0 
Plant 3 22.92 | 17.07 | 12.00| 8.95 15.0 
Average 20.10| 14.74| 10.60! 7.49 | 13.83 
INTERNODE 3 | 
Plant 1 | 18.64 | 11.95 | 7.51 | 6.12 20.0 
Plant 2 23.07 | 13.50 | 10.94) 7.42 | 16.5 
Plant 3 24.36 | 10.38 | 9.51) 7.78 | 24.5 
Average 22.02 | 11.94/ 9.32] 7.17 | 20.33 
INTERNODE 4 
Plant 1 19-80 | 7-06 | 6-06 | 5-33 | 30-0 
Plant 2 23-19| 9-79] 8-40| 7-95 | 17-0 
Plant 3 34.35 | 8.92|} 8.80) 9.04 26.0 
Average 25.78 | 8.59) 7.75 | 7.44 24.33 
INTERNODE 5 
Plant 1 22.91; 6.26| 5.71] 8.74 | 41.0 
Plant 2 38.99| 6.98) 8.69) 9.93 | 25.0 
Plant 3 39.50} 4.80| 7.73] 8.94 | 28.0 
Average 33.80 6.01 | 7.38 | 8.20 | 31.33 
INTERNODE 6 
Plant 1 24.79 | 4.28| 5.75 | 7.75 32.0 
Plant 2 34.28 | 4.35| 7.59] 9.79 29.0 
Plant 3 34.84; 2.21| 6.04/) 8.40 26.0 
Average 31.31 3.61 6.46 | 8.65 | 29.0 
INTERNODE 7 | 
Plant 1 21.08 | 2.23| 4.76) 5.73 | 30.0 
Plant 2 25.77 | 1.95| 5.97 | 9.00 | 33.0 
Plant 3 27.04} 1.49 / 3.90 6.60 | 22.0 
Average.....| 24.63 | 1.89] 4.88) 7.11 25.0 





1 Internode 1 is basalmost. 
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the controls in the upper internodes; only one- 
tenth as great in the seventh internode. In plants 
lacking phosphorus the average volume of the 
pith cells increases from slightly less than the 
control in the first internode to very sliglitly 
greater in the third internode, and then progyes- 
sively decreases in the upper internodes. Plants 
lacking both calcium and phosphorus contain 
very large pith cells in the first internode, with 
a volume more than twice as great as the pith 
cells of the control. The average volume is ap- 
proximately the same between this series in 
the second internode, rises above it in the third 
and fourth internodes, then shows a trend to 
decrease in the upper internodes. 

From the data in Tables 6 and 7 it was pos- 
sible to calculate the average number of pith 
cells per internode in each series of plants. Such 
cells are formed by divisions of the apical meri- 
stem and subsequent meristematic activity in 
the young internode during elongation and dif- 
ferentiation of the primary tissues. These figures 
are presented in Table 8, and illustrated diagram- 
matically in Figs. 10 to 13. The general trend 
for all four groups of plants is thus seen to be an 
increase of the number of cells in each successive 
internode. 

For the control plants there is a positive cor- 
relation between the length of a particular inter- 
node and the number of cells in the pith, whereas 
in the three deficiency series of plants the correla- 
tion is negative; as the internodes become shorter 
the number of cells in the pith increases. Plants 
lacking phosphorus showed the greatest amount 
of activity of the apical meristem, exceeding the 
control plants; it was nearly as great in the plants 
grown without both calcium and phosphorus, 
again exceeding the number of cells in the pith 
of the control, with the exception of the sixth 
internode, in which the total number of pith 
cells fell below that of the controls. In the series 
minus calcium the actual number of pith cells 
per internode was smaller than the number in 
the control. 


Histochemical Observations 


Histochemical techniques make possible in 
most instances the exact location of a substance 
within a particular tissue, and often within the 
organelles of the ‘cells themselves. Tests for a 
number of substances were carried out during 
the present study, and in those instances where 
the chemical composition was found to differ 
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Fics. 2-5.—Comparative tissue volumes in the seven basal internodes of the four series of plants. 
Scale in cubic millimeters. ||| = cortex, @ = phloem, () = xylem, J = pith. Note the absence of 


secondary xylem in internodes 6 and 7 in the series grown without calcium, and the greater volumes of 
tissue in the plants grown without both calcium and phosphorus than in the series lacking only one of 
these elements. 
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between the four series, a comparative quantita- 
tive evaluation was attempted. Such data are 
presented in detail in the following paragraphs. 

Calcium was fairly abundant in all living cells 
in the axis of the control plants; it did not appear 
in association with the middle lamellae or cell 
walls, but was always seen in the protoplasts as 
small granular inclusions. In tissues such as the 
cambium the calcium granules were of very small 
size and finely dispersed throughout the cytoplast; 
in highly vacuolate tissue, such as the pith, they 
appeared as coarse inclusions. Some calcium was 
indicated in the lumena of vessels and tracheids 
in the xylem, suggesting continued uptake or 
translocation of these ions at the time of sampling. 
Although a reaction for cattium was obtained 
from all living cells the pith appeared to serve 
to some extent as a storage tissue for calcium, 
and the chlorophyll-bearing tissues, such as the 
cortex, were particularly rich in calcium, as was 
the epidermis. All seven basal internodes showed 


TABLE 6.—CoMPARATIVE TISSUE VOLUMES IN THE 
Four SERIES 
(All figures given in mm‘) 


| minus Ca 
ONTRC NU NUS 
CONTROL | MINUS Ca |MINUS POs and PO, 


INTERNODE 1 


Pith 242.5 296.6 269.2 263.4 
Xylem 979.3 199.7 182.6 216.8 
Phloem 268.2 126.6 108.8 149.3 
Cortex 168.6 144.3 101.5 107.3 
INTERNODE 2 
Pith 308.8 225.4 315.5 278.2 
Xylem 888.2 127.9 190.5 204.0 
Phloem 259.9 101.9 103.5 145.8 
Cortex 146.0 99.3 106.6 193.5 
INTERNODE 3 
Pith 360.8 280.4 | 464.3 450.1 
Xylem 889.0 104.5 187.4 238.6 
Phloem 253.4 98.0 121.7 187.8 
Cortex 163.5 101.8 127.1 145.2 
INTERNODE 4 
Pith 785.7 316.4 523.3 627.2 
i Ae 935.8 47.2 | 133.0 203.4 
Phloem 324.7 87.4 | 120.6 | 184.5 
Cortex .eee{ 201.9 | 100.5 118.5 | 176.7 
INTERNODE 5 
Pith ..-| 1,387.7 203.3 | 566.5 | 1,000.7 
Xylem ...| 1,125.7 16.6 | 104.7 | 188.6 
Phloem..°........| 419.3 50.9 | 96.8 | 292.6 
Sau: - ditiake 326.6 | 60.1 140.1 244.6 
INTERNODE 6 } 
Pith ....| 1,536.5 | 156.1 | 581.5 897.8 
Xylem .--| 1,083.7 1.6 79.8 158.3 
Phloem sae 421.7 34.1 83.6 187.0 
Cortex 341.3 44.8 128.9 | 250.2 
INTERNODE 7 
Pith 1,925.4 113.6 | 494.6 692.6 
Xylem .--| 961.1 0.0 | 50.4 | 54.7 
Phloem j 7.5 24.9 66.5 | 141.9 


Cortex 369.9 34.1 | 106.5 204.7 
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the same general distribution of this element, 
and in approximately the same quantity. Very 
young tissue taken from near the stem tip also 
showed the same distribution of calcium, aid 
it was absent from the cell walls in this region 
also. 

In the minus-calcium series, as would be antic- 
ipated, the total quantity of calcium in the 
tissues of the axis was far below that in the control 
plants. The quantity of recognizable calcium was 
relatively large, however, considering that it was 
obtainable only from the endosperm of the seed, 
and possibly to a limited extent from the tap 
water with which the seedlings were watered 
during germination. As in the controls it appeared 
as small granular inclusions in the cytoplasts of 
living cells, but unlike the control plants some of 
the calcium present was found in association with 
the pectic materials of the cell walls and middle 
lamellae. The conducting elements of the xylem 
were free from calcium. As in the control, the 


TABLE 7.—AVERAGE CELL SIZE IN THE PITH OF 
ALL Four SERIES 





TAN- | VOLUME 
on" GENTIAL | LENGTH | (thou- 
(microns) |, DA™: | (microns)| sandths 
CFORS) | (microns) | of a mm) 
} 
INTERNODE | | 
Control 105 6 | 65 52 
—Ca 95 86 87 .56 
—PO. 106 93 | 55 43 
—Ca and —PO, 116 101 119 1.10 
INTERNODE 2 | | 
Control 123 114 50 55 
—Ca 98 96 53 .39 
—PO« 110 106 45 41 
—Ca and —PO, 97 96 72 .53 
INTERNODE 3 
Control 116 117—| 57 -61 
—Ca 110 102. | 55 49 
—PO. 115 17} 59 -62 
—Ca and —PO, 107 112 79 74 
INTERNODE 4 | 
Control 132 132, | 53 73 
—Ca 100 96 45 34 
—POx 105 109 =| 38649 4 
—Ca and —PO. | 121 115 76 .83 
INTERNODE 5 | | 
Control 126 127 95 1.19 
—Ca 78 A Bay. .20 
—PO: 92 92 | 54 .36 
—Ca and —PO,. | 112 104 | 78 72 
INTERNODE 6 | | } 
Control 2 RE oe oe 
—Ca 79 80 | 28 14 
—PO, | 83 88 54 31 
—Ca and —PO, 119 112 | 86 90 
INTERNODE 7 . 
Control 112 12 =| 108 1.06 
—Ca 69 70 | 27 10 
—PO. 73 | (ot | 43 21 
74 31 


—Ca and —PQ,...| ) | 76 
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Fras. 6-9.—Average cell size of the pith cells in the seven basal internodes of the four series of plants. 
One unit of the scale equals one ten-thousandth of a cubic millimeter. Note that in the control there is 
a gradual increase in size of the pith cells in internodes 1 to 5, and then the size tends to become more 
or less constant, whereas in the series minus calcium and the series minus phosphorus there is a general 
tendency for the size of the pith cells to become smaller and smaller in the upper internodes. It is seen 
that in the series lacking both calcium and phosphorus the pith cells in the first internode have volumes 
more than twice as-great as the pith cells of the control; the average volume is approximately the same 
between this series and the control in the second internode, rises above it in the third and fourth inter- 
nodes, then shows a trend to decrease in the upper internodes. 
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calcium present was most noticeable in young 
phloem tissue and in the chlorophyllous tissues 
of the stem, and in the epidermis. Sections from 
the upper internodes near the stem tip were also 
examined for traces of calcium, and the histo- 
chemical reaction indicated that the calcium 
available to these plants was rather evenly 
distributed throughout the plant body. The pith, 
while showing traces of calcium in the cell walls, 
had few or no cytoplasmic inclusions of calcium 
as were seen in the control plants. Occasional 
cells near the center of the pith which were dead 
were completely free of calcium, suggesting that 
it had been translocated to other regions. 

The quantity and distribution of calcium in the 
minus-phosphorus series were similar to. the 
controls, with abundant calcium in the cytoplasts 
of pith, cortex, and epidermis, and to a lesser 
extent in the cytoplasts of other tissues. Unlike 
the control plants, calcium was also associated 
with the cell wall substances of most cells in all 
stem tissues. The general distribution of calcium 
remained the same between internodes one and 
seven, but the quantity increased progressively 
upward. Sections from near the stem tip contained 
higher amounts of this element than did com- 
parable regions in the control plants. As in the 
series grown without calcium, the occasional 
dead cells towards the center of the pith were 
completely free of calcium. 

In the minus-calcium and minus-phosphorus 
series, the quantity and distribution of calcium 
closely resembled those in the series grown with- 
out calcium alone. Those traces of calcium pres- 
ent were also generally distributed throughout 
the axis in these plants. The same increase of 
the element in the cell walls and decrease in the 
cytoplasts as one moved upward in the axis was 
also noted 

Calcium oxalate occurred frequently in the 
pith of the control plants as large crystals, or 
druses, and was also frequent in the medullary 
sheath, older phloem, and inner cortex; and was 
occasionally seen in the hypodermis. In the 
young phloem calcium oxalate was abundant in 
the phloem rays across this tissue. There was a 
gradual decrease in the frequency of calcium 
oxalate druses from internode to internode up- 
ward in the stem, but considerable numbers were 
still present in the seventh internode. 

In the basalmost internode of the series Minus 
Calcium, relatively large druses of caleium oxa- 
late were encountered frequently in the pith, 
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and a few were present in the medullary she: th, 
None were found outside the stele in the cortical 
tissues. The frequency of calcium oxalate druises 
was greatly reduced in the second internode, but 
those present were large and well-formed. Only a 
few small crystals of calcium oxalate occurred in 
the third internode, and none was found in the 
successive internodes. 

In the minus-phosphorus plants calcium 
oxalate crystals were frequent in all seven basal- 
most internodes, in this respect resembling the 
control plants. They were located principally in 
the pith and medullary sheath. Unlike the con- 
trol plants, only occasional cells containing cal- 
cium oxalate were found in the tissues to the 
outside of the cambium. 

The minus-calcium and _ minus-phosphorus 
plants contained a much smaller quantity of 
calcium oxalate than any of the other series, 
A few cells containing small crystals of calcium 
oxalate were seen in the pith of the first internode 
only, and no other indications of this substance 
could be secured from any of the higher inter- 
nodes. 

Magnesium was scanty in the main axis of the 
control plants. Histochemical tests indicated a 
small amount in the pith of the three basalmost 
internodes; the upper internodes apparently 
contained too small a quantity of magnesium 
to give a positive reaction. 

In the series minus calcium, magnesium was 
present in all tissues of the axis, and a progressive 
increase in quantity was noted from internode 
to internode upward. A large amount of magne- 
sium was present in the upper internodes. 

The plants grown minus phosp .orus showed a 
trace of magnesium in the pith in all seven basal 
internodes, but none in any other tissue. In 
respect to magnesium this series was very similar 
to the controls. 

Magnesium was rather liberally present in all 


TABLE 8.—AVERAGE NUMBER OF PITH CELLS PER 
INTERNODE IN ALL Four SERIES 


(Figures in thousands of cells) 








| minus Ca 
‘ON NU NUS | 
| CONTROL | MINUS Ca |mrnus PO, and PO. 


INTERNODE 1..... 466 530 | 626 | 239 


INTERNODE 2 562 578; 770 525 
INTERNODE 3 _ 592 572 749 CO 608 
INTERNODE 4.. | 1,076 930 1,189 | 756 
INTERNODE 5 1,167 | 1,016 1,574 | 1,390 
INTERNODE 6 1,617 1,115 | 1,876 998 
INTERNODE 7 1,816 1,135 | 2,357 | 2,234 
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Figs. 10-13.—Average number of pith cells per internode in the seven basal internodes of the four 


series of plants. Scale: 1 unit equals 100,000 cells. 
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the tissues of the axis in the series minus calcium 
and minus phosphorus. It seemed most abundant 
in parenchymatous tissues; a slightly lesser 
quantity was in the xylem. There was a greater 
amount of magnesium in the tissues of plants in 
this series than in any other. 

Phosphates. No positive reaction for phosphates 
could be obtained in the seven basal internodes 
in all four series. Apparently at the time of 
sampling there was too small a quantity of 
phosphates in the lower axis to give a reaction. 
Positive tests for phosphates were secured from 
branches of the inflorescence and sections close 
to the apical meristem of the control plants and 
the plants grown without calcium; none could be 
detected from these structures in the two series 
not supplied with phosphates. 

Nitrates and nitrites were present in fairly large 
quantity in all four series. The series grown with- 
out both calcium and phosphorus contained a 
slightly larger amount of these substances than 
did the three other series, but the plants in all 
four series contained what would seem to be 
adequate amounts. 

Protein nitrogen was detectable in fairly heavy 
amounts in the controls and in the series minus 
calcium and minus phosphorus; the series minus 
calcium contained by far the greatest quantity. 
The plants minus phosphorus gave the lowest 
reaction for protein nitrogen, restricted to the 
xylem parenchyma, prosenchyma, and pith 
rays. 

Sulfates and organic sulfur, when present in a 
tissue, did not seem to be evenly distributed 
throughout the tissue, but were restricted to 
certain cells, otherwise indistinguishable except 
for the concentration of these substances. No 
sulfates were detected in the series minus calcium 
nor in the series minus phosphorus. In the con- 
trols and the series deficient in both calcium and 
phosphorus a medium amount of sulfates were 
found in the pith of all seven basal internodes. 
Organic sulfur was often associated with tannin 
cells in the cortex, phloem, and epidermis. 

Potassium was abundant in all tissues of the 
axis in all four series. 

Fructose gave a trace reaction in the pith of 
the controls and the series minus calcium; none 
was present in the two series lacking phosphorus. 

Glucose in very large quantities was observed 
in all tissues of the control piants, and even larger 
amounts in the series lacking phosphorus, and in 
that lacking both calcium and phosphorus. The 
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series grown without calcium alone contained 
considerably less glucose, but it was still present 
in rather large quantity. 

Amylodextrin was indicated only in those 
series which received calcium. It appeared 
in special scattered cells in the pith of the con- 
trol, and in the cortex and epidermis as wel! in 
the series lacking phosphorus, but was never 
generally distributed throughout a particular 
tissue. 

Starch was present in considerable quantity in 
all plants. The series minus calcium contained 
the largest amount, principally in the pith, while 
the series minus phosphorus contained less 
starch than the control. The smallest quantity 
was observed in the series lacking both calcium 
and phosphorus. 

Fats and oils were indicated as small droplets 
or globules in the cytoplast. Such organelles 
were markedly associated with the chloroplasts 
in the green portions of the stem. In the control 
plants and those grown without calcium only, 
fats and oils were evenly distributed in all seven 
internodes studied. 

Both series grown without phosphorus lacked 
the small globular cytoplasmic inclusions in the 
lower internodes, but the nuclei and nucleoli of 
almost all the cells of these internodes did stain 
bright red with Sudan IV, presumably from 
lipoidal materials. In the upper internodes in 
these series the number of globules of fats and 
oils in the cytoplast increases, so that in the 
uppermost internodes ail living tissues contain 
at least traces of these substances. All series of 
plants had well-developed cuticles on the stems. 


DISCUSSION 


In addition to its function as support for the 
aerial organs and translocation between the 
various parts of the plant body, the stem is of 
necessity the structure through which takes 
place any coordination of development and func- 
tion between the component parts of the plant. 
In particular, cambial activity and the develop- 
ment of secondary vascular tissues seem to be 
closely coordinated with the degree of necessity 
for conduction between and mechanical support 
of the lateral organs. Knight (1803) and Véchting 
(1918) demonstrated that in dicotyledons the 
quantity of mechanical tissue in a stem was 
directly proportional to the mechanical stress 
imposed by the lateral organs; Kohl (1886) and 
Jost (1907) established that the size and number 
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of foliage leaves, or the rate of transpiration, 
or both, directly influenced the development of 
the conducting tissues in the axis. 

Although it is possible to conceive all differ- 
ences in axial st-ucture between the four series 
of plants grown in this experiment to have been 
ultimately brought about by differences in 
mineral nutrition, the basis for the actual amount 
of cambial activity and development of second- 
ary vascular structure could in part depend on 
the functions the axis was called on to perform 
for the lateral organs. In the deficiency series of 
plants, where reduced leaf area and loss of foliage 
at the time of flowering occurred, a correspond- 
ing reduction in mechanical and water-conducting 
tissues was noted; its reduction was more or less 
proportional to the loss of leaf area. The quan- 
tity of phloem, however, was seen to remain 
relatively large. Similar observations in castor 
bean were made by Penfound (1932), who con- 
cluded that conditions favoring rapid water 
adsorption and rapid water loss also give the 
greatest development of vascular tissue. 

There is little evidence that cell divisions and 
subsequent vacuolation and elongation near the 
stem apex are as directly influenced by the size 
and functions of the leaves. Indirect evidence 
tends to show the opposite to be the case, with 
the older foliage sacrificed to the development 
of fruits and to the continued growth of the 
apical regions. 

In the castor bean, plants grown without cal- 
cium, with or without phosphorus, showed a 
decrease in the traces of calcium in the protoplasts 
of the upper internodes, accompanied by a de- 
crease of calcium oxalate and a marked increase 
in magnesium. With these changes there was a 
reduction in length of the internodes, and an 
increase in the number of cells per internode, 
but in the series lacking calcium alone the in- 
crease in cell number was below that in com- 
parable internodes of the control plants. Similar 
effects of calcium deficiency have been noted by 
previous investigators. Loew (1892) pointed out 
the increased concentration of magnesium in 
wheat plants deficient in calcium, and subse- 
quently concluded (1903) that the increased 
concentration of magnesium in the cells exerted a 
toxic effect on the tissues. This view was supported 
by Reed (1907), who stated that in addition to 
calcium appearing necessary for activity and 
growth of chlorophyll-bearing tissue, one of its 
most important functions seemed to be that of 
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overcoming the bad effects of magnesium. It has 
also been suggested (Groom, 1896) that a defi- 
ciency in calcium leads to an accumulation of 
oxalic acid, a by-product of protein synthesis, 
with subsequent toxic effects which are normally 
overcome by calcium, which precipitates this 
waste by forming the almost insoluble salt, 
calcium oxalate. Inhibition of stem elongation 
in calcium-deficient garden peas, Pisum sativum 
L., was reported by Day (1928, 1929), in which 
she noted that the anatomical structure of the 
stem and root remained constant (as compared to 
control plants) and that the differences were 
principally the degree to which the stems had 
elongated. Davidson and Blake (1936) made a 
similar observation on calcium-deficient peach 
trees, and reported the stem growth restricted 
in length but not greatly restricted in diameter. 
Fewer cells of smaller size than normal were de- 
scribed from the stem tips of loblolly pine, 
Pinus taeda L., by Davis (1949). The inhibiting 
of cell division and elongation, as observed in 
the instances cited above and in castor bean, 
might be supposed to be caused by (1) the direct 
necessity for calcium as a protoplasmic compo- 
nent, together with the toxic effects of an accumu- 
lation of oxalic acid, or (2) the excess accumula- 
tion of other minerals, such as magnesium, which 
are thought toxic in large quantity or when not 
in antagonism with calcium, or (3) the action 
of other substances or minerals normally present, 
whose action on cellular activity is masked by 
the presence of calcium. 

Plants in the series lacking phosphorus showed 
reduction in internodal length and cell size in the 
upper internodes, with a much greater increase 
in the number of cells per internode than in the 
control plants. These differences were associated 
with a reduced amount of fats and oils in the 
protoplast, and a smaller amount of protein 
nitrogen, with an increased quantity of calcium. 
Similar observations were described for phos- 
phorus-deficient tomatoes by Eckerson (1931). 
Disintegration of central pith cells as described 
in tomato by Lyon and Garcia (1944) was not 
observed, but many of the central pith cells 
were dead in the internodes studied. Reduced 
cell size, as seen in the upper internodes of castor 
bean, has been reported for phosphorus-deficient 
tomatoes by Watts (1938); apparently there are 
no reports of increased meristematic activity in 
the apical tissues associated with this deficiency. 
The differences in the upper internodes between 
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this and the control series of ‘plants could be 
interpreted to imply (1) that phosphorus, in 
addition to its other metabolic roles, may act 
as an inhibitor or regulator of cell division, and 
its deficiency removes a check on this process, 
or (2) abundant calcium is a stimulator of cell 
division, or (3) the action of calcium or of other 
substances normally present is changed by the 
absence of phosphorus. 

The series lacking both calcium and _ phos- 
phorus shows a curious makeup of similarities 
and differences between the series deficient in 
only one of these elements and the control series. 
Like the series deficient in calcium alone, they 
show a decrease of calcium in the protoplasts of 
the cells in the upper internodes, a decrease in 
the amounts of calcium oxalate, and a marked 
increase in the amounts of magnesium in the 
tissues. Unlike the series deficient in calcium 
alone, they contain larger quantities of sulfates, 
and smaller amounts of fats, oils, and starch. 

As compared with the series deficient in phos- 
phorus, these plants were similar in their reduced 
amounts of fats and oils, but unlike in the smaller 
amounts of starch, reduced calcium, lack of cal- 
cium oxalate, and high magnesium content. They 
showed a greater number of cells in most of the 
upper internodes than did the controls, but not 
so large a number as in the series lacking phos- 
phorus alone. 

From comparisons between this and the other 
series, some indications of calcium and_phos- 
phorus activity as related to cell divisions are 
suggested : 

Calcium has long been thought to play an 
important part in the process of cell division, 
not only in the mitotic process, but also in the 
formation of the cell plate and middle lamella. 
Numerous experiments in which plants were 
grown on a complete nutrient solution in which 
sodium, barium, strontium, or magnesium were 
substituted for calcium have yielded similar 
results: erratic cell divisions in the meristems 
which became fewer and finally ceased, and 
vacuolation of the cells of the root meristems 
associated with damage and death to these 
tissues, and in cases of extreme calcium deficiency 
followed by death to the plant as a whole (Bruch, 
1902; True, 1922; Mevius, 1927; Harris, 1928; 
Sorokin and Sommer, 1929; Albrecht and Davis, 
1929; Nightingale, 1937; Tucker and Burk- 
holder, 1941; and Davis, 1949). Bamford (1931) 
performed similar experiments on the roots of 
wheat and corn seedlings; the root tips were 
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permanently injured after one day in solutions 
lacking calcium, whereas the plants throve in 
the same solution were calcium present. 

Bamford’s observations went yet further, no 
significant root injury was demonstrated after 
submergence for seven days in distilled water, 
which of course supplied no calcium. This evi- 
dence indicated that the rapid root injury ob- 
served when roots were placed in a nutrient 
solution from which calcium had been omitted 
could not have been due to the failure of this 
solution to supply calcium to the roots. He con- 
cluded that injury must have resulted from the 
unbalanced condition of the cultural solution, 
the components of which were toxic when not 
antagonized by calcium. 

The roots of castor bean showed such injury 
when grown without calcium, whereas similar 
damage was not apparent to the roots of plants 
lacking both calcium and phosphorus. Similarly, 
cell divisions were inhibited in the upper inter- 
nodes of the plants lacking calcium alone, whereas 
for the most part there were a greater number of 
cells per internode in the plants lacking either 
phosphorus or both calcium and _ phosphorus 
than in the control plants. Although necessary 
as a protoplasmic constituent, it would thus ap- 
pear that phosphorus, when not associated with 
calcium, has a toxic effect on root meristems and 
to some extent on apical meristems, and that there 
are reciprocal effects between ions of calcium 
and phosphorus which reduce the toxic effects of 
the latter. The fact that the plants lacking only 
phosphorus died as a result of fruiting, while 
those lacking both calcium and phosphorus did 
not, would suggest that calcium, in the absence 
of phosphorus, may have deleterious metabolic 
effects normally masked by phosphorus. 

The toxicity of magnesium in the plant body 
would not appear to be as great as previously 
supposed; comparisons between the series lack- 
ing phosphorus, with a low magnesium-high 
calcium content, and the series lacking both 
calcium and phosphorus, in which the reverse 
situation of a high magnesium-low calcium con- 
tent was found, showed both to have a greater 
number of cells per internode in the upper inter- 
nodes than did the controls. Extensive root dam- 
age in the series lacking calcium, and no root 
damage in the- series lacking both calcium and 
phosphorus, both of which received large amounts 
of magnesium, would seem to indicate that the 
magnesium was not responsible for the damage 
seen in the one series. 
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Both calcium and phosphorus would appear 
to be necessary for cell elongation, as elongation 
was eventually reduced in plants lacking one or 
both of these elements. 


4 
SUMMARY 


The basic anatomical pattern and arrange- 
ment of tissues in the axis of castor bean is 
conservative; deficiencies of calcium and 
phosphorus do not affect the basic ana- 
tomical pattern, but are reflected in the 
quantities of tissue produced. A deficiency 
of either calcium or phosphorus alone has 
greater adverse effects to the plant than when 
both elements are lacking. 

The effects of calcium and phosphorus 
deficiency on the growth and development 
of castor bean are much more profound when 
the plant is in the flowering and fruiting 
phases of development than when in vegeta- 
tive growth. 

The activity of the vascular cambium, 
and differentiation of secondary conducting 
and mechanical tissues in the axis is re- 
stricted in both deficiencies. This reduction 
in secondary tissues parallels loss of foliage 
area, and is probably in part a response to 
such loss, rather than a response solely to 
differences in chemical composition of the 
axis. 

The number of pith cells per internode 
provide an index of previous primary (apical) 
meristematic activity. Calcium deficiency 
results in a smaller number of cells per inter- 
node than in control plants, phosphorus 
deficiency in a much larger number of cells 
per internode than in the controls, and a de- 
ficiency of both calcium and phosphorus 
produced a greater number of cells per inter- 
node than in the controls, but a smaller 
number than in plants lacking phosphorus 
alone. 

The phosphate ion appears to be toxic 
to meristematic cells when not associated 
with calcium, there being a reciprocal ef- 
fect be( ween ions of the two el-ments which 
reduces the toxicity of the latter. Calcium 
appears to have a stimulatory effect on cell 
division which is somewhat curtailed when 
associated with phosphorus. Both calcium 
and phosphorus appear necessary for cell 

elongation. 





VENNING: MINERAL DEFICIENCY IN CASTOR BEAN 81 


LITERATURE CITED 


ALBRECHT, W. A., and Davis, F. L. Physiological 
importance of calcium in legume innoculation. 
Bot. Gaz. 88: 310-321. 1929. 

BamForp, R. Changes in root tips of wheat and corn 
grown in nutrient solutions deficient in caleium. 
Bull. Torrey Bot. Club. 58: 149-178. 1931. 

Brucu, F. Physiological importance of calcium in 
plants. Landw. Jahrb. 30: Erg. Bd. 3: 127- 
143. 1902. 

CHAMBERLAIN, C. J. Methods in plant histology, 
ed. 5. Chicago, 1932. 

Davipson, O. W., and Buakg, M. A. Responses of 
young peach trees to nutrient deficiencies. Proc. 
Amer. Soc. Hort. Sci. 33: 247-248. 1936. 

Davis, D. E. Some effects of calcium deficiency on 
the anatomy of Pinus taeda. Amer. Journ. 
Bot. 36: 276-282. 1949. 

Day, D. Some effects of Pisum sativum of a lack of 
calcium in the nutrient solution. Science 68: 
426-427. 1928. 

. Some effect of calcium deficiency on Pisum 
sativum. Plant Physiol. 4: 493-506. 1929. 
Ecxerson, S. H. Influence of phosphorus deficiency 
on metabolism of the tomato. Contrib. Boyce 

Thompson Inst. 3: 197-217. 1931. 

Foster, A. 8. Practical plant anatomy, ed. 2, 
New York, 1949. 

Groom, P. On the relation between calcium and the 
transportation of carbohydrates in plants. 
Ann. Bot. 10: 91-96. 1896. 

Harris, J. A. Studies of the elements required in 
only small quantities fo development of the 
green plant and miscelluneous investigations. 
Activities of the Department of Botany, 
University of Minnesota, for 1927. 1928. 

JOHANSEN, D. A. Plant microtechnique. New York, 
1940. 

Jost, L. Lectures on plant physiology. Berlin, 1907. 

KniGHt, in HaBERLANDT, G. Physiological plant 
anatomy: 194-195. (Transl. 4th German ed. 
by M. Drummond.) London, 1928. 

Kouu. Die Transpiration der Pflanzen: 90 et seq. 
Braunschweig, 1886. 

Lorw, O. Uber die physiologischen Funktionen der 
Ca- und Mg-Salze im Pflanzenorganismus. 
Flora 75: 368. 1892. 

. Unter welchen Bedigugen wirken Mg-Salze 
shadlich auf Pflanzen? Flora 92: 489. 1903. 

Lyon, C. B., and Garcta, C. R. Anatomical re- 
sponses to tomato stems to variations in the 
macronutrient anion supply. Bot. Gaz. 106: 
394-405. 1944. 

Mevius, W. Kalzium-Ion und Wurzelwachstum. 
Jahrb. fiir wiss. Bot. 66: 183-253. 1927. 

NIGHTINGALE, G. T. Potassium and calcium in. re- 
lation to nitrogen metabolism. Bot. Gaz. 98: 
725-734. 1937. 

PENFOUND, W. T. The anatomy of the castor bean as 
conditioned by light intensity and soil moisture. 
Amer. Journ. Bot. 19: 538-546. 1932. 

Reep, H. 8. The value of certain nutritive elements 
io the plant cell. Ann. Bot. 21: 501-543. 1907. 

Sorokin, H., and Sommer, A. L. Changes in the 

cells and tissues of root tips induced by the ab- 














sence of calcium. Amer. Journ. Bot. 16: 23-39. 
1929. 

True, R. H. The significance of calcium for higher 
green plants. Science 55: 1-6. 1922. 

Tucker, C. M., and BurK#o.per, P. R. Calcium 
deficiency as a factor in abnormal rooting of 
philodendron cuttings. Phytopath. 31: 844- 
848. 1941. 


JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 44, NO. 3 


VoécutinG, H. von. Untersuchen zur experimenicl- 
len Anatomie und Pathologie der Pflanz:n- 
korpers 2: Tiibingen, 1918. 

Watts, V. M. Anatomical symptoms of nitrogn, 
phosphorus, and potassium deficiencies in 
seedling hypocotyls of tomato Lycopersicum 
esculentum Mill.). Bull. Arkansas Agr. Exp. 
Stat. 366. 1938. 


MYCOLOGY.—A nematode-capturing fungus with clamp-connections and curved 
conidia. CHARLES DrecHSLER, United States Department of Agriculture, 
Plant Industry Station, Beltsville, Md. 


In earlier papers (Drechsler, 1941, 1943, 
1946, 1949) I described as new species six 
nematode-destroying fungi that may with 
some confidence be reckoned among the 
Basidiomycetes, for although they have not 
been found producing basidia and basidio- 
spores their hyphae are unmistakably 
furnished with clamp-connections. Four of 
these fungi, namely Nematoctonus tylosporus, 
N. leiosporus, N. pachysporus, and N. 
lepiosporus, always attack eelworms in the 
usual manner of parasites: their conidia, 
after becoming externally affixed to the 
animal by means of an adhesive secretion, 
will push through the integument a narrow 
germ tube which on reaching the fleshy 
interior widens out, elongates, and ramifies 
to form an assimilative mycelium extending 
lengthwise from head to tail. The two other 
fungi, N. haptocladus and N. concurrens, 
likewise often attack by intruding a germ 
tube from an adhering conidium, but in 
addition they employ adhesive organs of 
mycelial origin to capture motile eelworms; 
each captive being subsequently invaded 
and expropriated of all its digestible sub- 
stance. A clamp-bearing fungus similarly 
given to capture of nematodes but differing 
markedly in its strongly curved conidia from 
both N. haptocladus and N. concurrens, as 
well as from the other 4 named species of 
Nematoctonus, was mentioned (Drechsler, 
1941, p. 780) as occurring in Hawaii, though 
the material available at the time was too 
poor to justify a full description under a 
separate binomial. More recently a nema- 
tode-capturing fungus with clamp-connec- 
tions and strongly curved conidia developed 
abundantly in several maize-meal agar plate 
cultures which after being over-grown by 
Pythium debaryanum Hesse had been further 





planted with small quantities of decaying 
vegetable detritus collected on December 
20, 1952, in an open field in southern Louisi- 
ana. How this fungus is related to the Hawai- 
ian form remains uncertain. In any case it 
seems unquestionably distinct from the six 
species of Nematoctonus to which names have 
been given, and accordingly merits recogni- 
tion as an additional member of the genus. 
A specific epithet compounded of two 
words (xaymvdos and oropa) meaning “bent” 
and “seed,” respectively, may serve help- 
fully in recalling one of its most conspicuous 
diagnostic features. 

Nematoctonus campylosporus sp. _ nov. 
Hyphae assumentes incoloratae, plus minusve 
ramosae, plerumque circa 2m crassae, intra 
vermiculum nematoideum crescentes, post mor- 
tem animalis hyphas procumbentes (vel rarius 
ascendentes) extra emittentes; his hyphis pro- 
cumbentibus incoloratis, aliquid ramosis, ad 
modum Hymenomycetum septato-nodosis, hic 
illic (praecipue in nodis) sterigmata ferentibus, 
saepe 25-200u longis, ex magna parte in cellulis 
filiformibus 10-50u longis et 1.7-2.5u crassis 
constantibus, sed cellula paenultima in postica 
ejus parte saepius 2-3.5u crassa in antica ejus 
parte vulgo usque 1.5u attenuata et abrupte in 
aerem flexa itaque fronte in modo columellae 
ascendente; columella circa 5yu alta, 1.6-2y 
crassa, cellulam ultimam in aere sustentans; 
cellula ultima saepius 3.5-5u longa, 1.6-2y 
crassa, medio aliquid constricta, primo nuda sed 
mox pila glutinis cireumdata, denique saepe ad 
vermiculum nematoideum inhaerente, animal 
ita capiente, cuticulam ejus perforante, hyphas 
assumentes intrudente; sterigmatibus 2—5y altis, 
sursum attenuatis, apice circa 0.5u  crassis, 
conidia singula ferentibus; conidiis incoloratis, 
allantoideis, plerumque valde curvis, basi atque 
apice late rotundatis, vulgo 10—-13u _longis, 
2.5—4u crassis. 
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Figs. 1-5.—Nematoctonus campylosporus (all parts drawn at a uniform magnification with the aid 
of a camera lucida; X1000 throughout): 1, Specimen of Hucephalobus sp., which evidently was 
captured through adhesion to the procumbent hypha a (b-i, procumbent hyphae put forth externally 
by the assimilative mycelium; o, adhesive terminal cell; p, conidium borne on sterigma); 2-4, por- 
tions of procumbent hyphae, showing some terminal adhesive cells, 0, and some clamp-connections; 5 
(a-z), 6(a—p), random assortment of detached conidia, showing usual variations in size, shape, and 
curvature. 
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Vermiculos nematoideos diversos capiens 
consumensque habitat in materiis plantarum 
putrescentibus prope La Place, La. 

Assimilative hyphae colorless, somewhat 
branched, mostly about 24 wide, developing 
within living nematodes, after death of an in- 
vaded animal putting forth procumbent (or 
more rarely ascending) hyphae; the procumbent 
hyphae colorless, somewhat branched, studded 
with clamp-connections, bearing sterigmata here 
and there, often 25 to 200u long, for the most 
part composed of filiform segments 10 to 50u 
long and 1.7 to 2.5u wide, but the modified 
penultimate segment frequently 2 to 3.5u wide 
in its middle or its proximal portion and then 
often tapering forward to a width of approxi- 
mately 1.54 in its sharply upeurved distal por- 
tion which forms a stalk holding the distal seg- 
ment aloft about 5u above the substratum; this 
distal segment commonly 3.5 to 5yu long, 1.6 
to 2u wide, somewhat constricted near the mid- 
dle, at first naked but soon becoming enveloped 
in a globule of glutinous material, therewith 
often adhering to a roving nematode, thus cap- 
turing the animal, and then, after narrowly pene- 
trating its cuticle, intruding assimilative hyphae 
to appropriate its fleshy contents. Sterigmata 
often arising dorsally from clamp-connections, 
mostly 2 to 5u high, tapering upward, about 
0.54 wide at the tip whereon a single conidium is 
borne; conidia colorless, allantoid, usually curved 
strongly, broadly rounded at both ends, com- 
monly measuring 2.5 to 4y in greatest width and 
10 to 13 in length along the curved axis. 

Capturing and consuming nematodes of dif- 
ferent species (including a species of Eucephalo- 
bus) it occurs in decaying plant detritus near 
La Place, La. 

Owing to its usually rather meager mycelial 
development and to the slenderness of its hyphae 
Nematoctonus campylosporus offers a charac- 
teristically frail appearance more strongly 
reminiscent of N. haptocladus than of the sturdier 
N. concurrens. In my cultures it occurred only in 
areas immediately adjacent to deposits of plant 
detritus. Attack on eelworms was always ini- 
tiated in a predaceous manner—each animal 
being held captive through adhesion to the distal 
cell of a procumbent hypha (Fig. 1, a) extended 
from an assimilative mycelium in a nematode 
that had been captured earlier. The eelworms 
taken belonged mostly to a single sharp-tailed 
species present in large numbers, which Dr. G. 
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Steiner kindly identified as being referable to 
the genus Eucephalobus. As a rule the assimila- 
tive mycelium intruded from an affixed adhesive 
cell was too badly obscured by the degenerating 
materials of musculature and organs to permit 
reliable observations on cross-walls and clamp- 
connections within captured animals (Fig. 1). 
While very short external hyphae (Fig. 1, }) or 
hyphal branches (Fig. 1, d) may lack clamp- 
connections, the longer filaments (Fig. 1, c, e-i; 
Figs. 2-4) extended procumbently are regularly 
provided with one or more clamps. In ‘general, 
clamps are associated with all cross-walls be- 
tween segments in procumbent hyphae, except 
the cross-wall separating the terminal adhesive 
cell (Fig. 1, 0) from the supporting upcurved tip 
of the penultimate segment. In N. campylosporus, 
as in N. haptocladus, adhesive cells are always 
formed terminally on axial hyphae or lateral 
branches, never apparently being produced, as 
in N. concurrens, on short protuberant outgrowths 
arising dorsally and in median positions from 
intercalary segments. 

The sterigmata bearing the conidia of Nema- 
toctonus campylosporus seem rather delicate, 
since in many instances they collapse almost 
beyond recognition when a cover glass is placed 
over them. Like the sterigmata in congeneric 
species they often arise from the dorsal convex 
side of a clamp-connection (Fig. 1, p). The 
strongly curved conidia (Fig. 5, a-z; Fig. 6, 
a-p) fall off on slight disturbance. They seem 
generally somewhat smaller than the conidia of 
N. haptocladus and N. concurrens. In my cul- 
tures they utterly failed to germinate, in no ob- 
served instance producing either germ-tube or 
adhesive organ or secondary conidium. They re- 
mained for weeks in an unchanged state, many 
eventually being ingested by large amoebae. 
Their inert behavior obviously precluded in- 
fection of eelworms in the manner usual for 
fungous parasites. The possibility is not to be 
dismissed that under conditions permitting 
conidial germination Nematoctonus campylosporus 
might display a parasitic as well as a predaceous 
mode of attack. 
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ENTOMOLOGY .—Generic names of the Salpingidae and their type species (Cole- 
optera).' T. J. Spruman, Department of Entomology, Cornell University. (Com- 


municated by Alan Stone.) 


Well-conducted taxonomic investigations, 
establishing morphological, ethological, and 
distributional relationships between con- 
generic species, may conclude with the 
assignment of an incorrect name to the 
generic group. Such errors can result from 
various causes, the most common of which 
are: absence of prior type species designa- 
tions; ignorance of designations; disagree- 
ment as to which species are the proper type 
species; and complete disregard for the type 
species concept. Errors from such causes 
were found in tne Salpingidae, though most 
generic names have been used correctly. It 
is hoped that this list of type species will help 
to avoid future errors in the assignment of 
generic names in the Salpingidae. 

The form used in this list is very similar 
to that employed by Blackwelder (U. S. 
Nat. Mus. Bull. 200. 1952) in the Staphyl- 
inidae. Three major sections follow this 
introduction: a list of genera with their type 
species; a list of corrections to the present 
catalogue of the family; and an appendix of 
discussions too involved to be in the list. 
In the first section, generic names are 
alphabetically arranged, and _ subgeneric 
names are treated as being of equal rank. The 
first line of each entry is composed of the 
following: first, the generic name; second, the 
proposer; third, the year the name was 
published; fourth, the citation of the publi- 
cation, followed by the day of the month 
when determinable; and fifth, in brackets, 
special facts concerning the original proposal, 
such as new name, emendation, fossil, and 
subgenus. 

The following explains the categories 

! This article is the revision of part of an un- 
published master of science thesis written at 
Cornell University. I wish to express my sincere 
gratitude especially to Dr. V. S. L. Pate for his 
suggestions and aid, and to thank Dr. Ross H. 
Arnett, Jr., for making various literature available 
to me, Dr. John G. Franclemont for much helpful 


advice, and W. Wayne Boyle for checking the 
difficult manuscript. 


grouped under the first line. Type: The type 
species, its author, and year of publication 
are given. The proposer’s citation of the 
specific name is preserved, and parts omitted 
by him are placed in brackets. FrxaTIon: 
The method of type fixation is given. If an 
author is not listed, the type has been 
determined solely on the basis of the original 
publication; and if the type was fixed by 
subsequent designation, the author and 
citation of his publication are given. Sus- 
SEQUENT DESIGNATIONS: The year, author, 
publication, and species designated are 
given. Species not originally included are 
indicated. (See the discussion on subsequent 
designations below.) Emenpations: The 
emendation, author, and year are given. 
Because emendations have full status in 
nomenclature, they are listed as separate 
generic names. The only emendation that 
is considered warranted is that of Pytho for 
Tytho. Lapsus cALAMoRUM: The lapsus 
calami, author, year, and publication are 
given. Opinion 29, of the International 
Commission on Zoological Nomenclature, 
implies that lapsus calamorum and typo- 
graphical errors have no status in nomen- 
clature; therefore, names in these two cate- 
gories are not listed separately. VARIANT 
SPELLINGS: The name, author, year, and 
publication are given. These names are 
typographical errors or errors of transcrip- 
tion. Homonyms: The name, author, and 
year are given. The names are arranged in 
chronological order. Synonyms: The name, 
author, and year, followed by its present 
relation to the genus in question, are given. 
The names are arranged in chronological 
order. An explanation of the terms describing 
relationships might be helpful. Isogenotypic: 
generic names which have as their types the 
same species, example Suggibbus and Hybo- 
gaster (objective synonymy). Conspecific 
genotypes: generic names which have as their 
types species which are considered zoolog- 
ically identical, example Chilopeltis and 
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Platylissodema (subjective synonymy). Con- 
generic genotypes: generic names which have 
as their types species which are zoologically 
distinct but placed in the same genus or 
subgenus, example Omineus and Phalysius 
(subjective synonymy). Subgenus: generic 
names which have as their types species 
which are zoologically distinct but placed in 
different subgenera in the same genus, 
example Salpidema and Dromiosalpingus 
(subjective synonymy). Nores: Short ex- 
planations are given. 

When determining the validity of subse- 
quent designations, one must decide whether 
an author intends to designate or fix a type 
or to merely cite previous fixation. I have 
decided that unless an author states that he 
is merely citing earlier fixations, he is 
subsequently designating a type. All authors 
cited in my category ‘“‘Subsequent designa- 
tions’ are, therefore, considered to be 
designating types. Any citations of prior 
fixation in this article are not to be construed 
as present designations, and conversely, 
subsequent designation or fixation is implied 
where ‘Here designated” appears. 

Because the following works contain many 
subsequent designations, only the author, 
date, and page are cited in the list. 


BLANCHARD, E. In Cuvier, Le régne animal... 
accompagnée de planches gravées, representant 
les types in tous les genres. . . . The Disciples’ 
edition, 20 vols. Paris, 1836-1849. [Dates of 
the parts dealing with the Salpingidae 
ascertained from Sherborn (Ann. Mag. Nat. 
Hist. (9) 10: 555-556. 1922).] 

Cuevroiat, L. A. A. In D’Orbigny, Diciionaire 
universal d’histoire naturelle, 13 vols. Paris, 
1841-1849. [Dates of the parts dealing with 
the Salpingidae ascertained from Sherborn 
and Palmer (Ann. Mag. Nat. Hist. (7) 3: 
350-352. 1899.)] 

Crotcu, G. R. Trans. Ent. Soc. London 1870: 
41-52 (March), 213-241 (August) 1870. 

Hore, F. W. The coleopterist’s manual, part 3. 
London, 1840. 

LATREILLE, P. A. Considérations générales sur 
Vordre naturel des animaux. Paris, 1810. [See 
Opinions 11 and 136 of the International 
Commission on Zoological Nomenclature. ] 

Westwoop, J. O. An introduction to the modern 
classification of insects. 2, Appendix. London, 
1838-1840. [Dates of the parts dealing with 
the Salpingidae ascertained from Griffin 
(Proc. Ent. Soc. London 6: 83-84. 1932.). 
See Opinion 71 of the International Com- 
mission on Zoological Nomenclature. | 
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The authority for subsequent designations 
in Cuvier’s Le régne animal is to be found in 
the title, part of which is given above. Some 
doubt arose concerning the designations of 
Chevrolat in D’Orbigny’s great dictionary, 
for under Rhinosimus he states, “On doit 
considerer comme types les R. aeneus Ol., 
planirostris, roboris F. et ruficollis Pz.,” 
probably meaning zoological types. The 
term “typical species” in Hope’s work was 
accepted as a type species designation bhe- 
cause of the scope of the work. The occa- 
sional selection of exotic forms rather than 
local examples as typical species gives some 
indication of our present type species 
concept, and the acceptance of Westwood’s 
term “‘typical species’ by the International 
Commission may be used as a precedent. 
Both Lucas and Westwood give their method 
of designation in introductory remarks, the 
latter by a footnote, and the works of 
Crotch and Latreille are self-explanatory. 

It is often difficult to infer the meaning of 
the word type as used by older authors. 
Perhaps they meant zoological type, that is, 
an example, rather than a nomenclatorial 
type. Because Motschulsky, like Chevrolat 
above, probably meant zoological type when 
designating two types for Tenebrio, doubt 
is cast on his designations for Boros. A ruling 
on such works by the International Com- 
mission would be desirable; however, valid 
designations in these works are accepted 
herein because of the precedent set by 
Opinions 11 and 136 in accepting Latreille’s 
designations. 

The criteria for genera to be included in 
the Salpingidae are the catalogue of Blair 
(in Junk and Schenkling, Coleop. Cat. 17, 
part 99, Pythidae 1928), and the revision of 
Seidlitz (Deutsche Ent. Zeitschr. 1916: 113- 
128, 313-244; 1916 (1917): 387-498; 1917: 
65-116). The synonymy is essentially that 
of Blair. A reprint of the revision of Seidlitz 
(Naturg. Ins. Deutschlands 5 (2): 969-1181. 
1919) includes names which Blackwelder 
would term synonymic homonyms, that is, 
names published as new in two or more 
publications; such repetitions are not re- 
corded in this list. 

The following new generic 
proposed in this list: 


names are 
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Orphanotrophium for Neosalpingus Seidlitz, 1917, 
not of Blackburn, 1891. 

Suggibbus for Hybogaster Seidlitz, 1917. 

Triconatus for Cyclops Mulsant, 1859, and Cyclopi- 
dius Seidlitz, 1891. 
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Aegialatis [Error for Aegialites Dejean, 1833). 
Aegialites Dejean, 1833, Cat. Coleop., ed. 2: 117 
(July). 
Nomen nudum, with Aegialites debilis Dejean, 
1833, also a nomen nudum, included. 
Variant spellings: Aegialatis Gistel, 
Naturgeschichte des Thierreichs: XT. 
Synonyms: Orygmus Gistel, 1848. Proposed as a 
new name for Aegialites Dejean, 1833. 
See: Aegialites Mannerheim, 1853, in list and 
appendix. 
Aegialites Mannerheim, 1853, Bull. Soc. Imp. 
Nat. Moscou 26 (2): 178. 
Type: Aegialites debilis Mannerheim, 1853. 
Fization: Monobasic. 


1848, 


Subsequent designations: 1920, Lucas: 76, 
Aegialites californicus Motsch., originally 
included as a synonym. 

Homonyms: Aegialites Kaup, 1829. Lapsus 
calami for Aegialitis Boie, 1822. 

Synonyms: Eurystethes Seidlitz, 1916. Ise- 


genotypic. 
See: Aegialites Mannerheim, 1853, in appendix. 
Agapytho Broun, 1919. Placed in the Crypto- 
phagidae by Blair (1928, in Junk and Schenk- 
ling, Coleop. Cat. 17, pt. 99, Pythidae). 
Austrosalpingus Blair, 1925, Ent. Monthly Mag. 
61 (ser. 3, 11): 211 footnote, (September). 

Type: Neosalpingus corticalis Blackburn, 1891. 

Fization: Here designated. 

Synonyms: Neosalpingus Blackburn, 1891. Iso- 
genotypic. 

See: Orphanotrophium in appendix. 

Batobius Fairmaire and Germain, 1863, Ann. Soc. 
Ent. France (4) 3: 268. 

Type: Batobius ruficollis Fairmaire and Germain, 
1863. 

Fixation: Here designated. 

Synonyms: Laccoderus Champion, 1916. Con- 
generic genotypes. 

Borocus [Error for Boros]. 
Boros Herbst, 1797, in Jablonsky, Natursystem 
aller . . . Insecten, Kifer 7: 318. 

Type: Boros elongatus Herbst, 1797. 

Fixation: Monobasic. 

Subsequent designations: 1840, Hope: 127, Hyp. 
Boros Fabricius; 1844, Blanchard, 12: pl. 49, 
fig. 7, Boros corticalis Gyllenh.; 1872, Mot- 
schulsky, Bull. Soc. Imp. Nat. Moscou 46 (2): 
38, Helops Schneideri Panz. (see my intro- 
duction); 1920, Lucas: 144, Boros Schneideri 
(Panz.) 1795; 1941, Gebien, Mitt. Miinchner 
Ent. Ges. $1: 812 (667), Helops Schneideri 
Panz., 1795. These species were not originally 
included, but all are synonyms of the type. 

Emendations: Borus Illiger, 1801. 

Borus Agassiz, 1846. 
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Variant spellings: Borocus Motschulsky, 1872, 
Bull. Soc. Imp. Nat. Moscou 46 (2): 41. 
Synonyms: Borus Illiger, 1801. Isogenotypic. 

Borus Agassiz, 1846. Isogenotypic. 
Lecontia Champion, 1889 (=Crymodes 
LeConte, 1850). Subgenus. 

Notes: Boros was included in the Salpingidae by 
Spilman (1952, Coleop. Bull. 6: 12). Opinion 
125 of the International Commission on 
Zoological Nomenclature states that the name 
Boros is to be used in preference to the 
emendation Borus. 

Borus Illiger, 1801, Mag. fiir Insekt. 1: 129. 
{[Emendation of Boros Herbst, 1797.] 

Type: Boros elongatus Herbst, 1797. 

Fixation: Illiger, by proposing Borus as an 
emendation of Boros whose type was elongatus. 

Homonyms: Borus Agassiz, 1846. 

Borus Albers, 1850. 

Synonyms: (See Boros.) 

Borus Agassiz, 1846, Nomen. Zool. Index Univ.: 
49. [Emendation of Boros Herbst, 1797.] 

Type: Boros elongatus Herbst, 1797. 

Fixation: Agassiz, by proposing Borus as an 
emendation of Boros whose type was elongatus. 

Homonyms: Borus Illiger, 1801. 

Borus Albers, 1850. 

Synonyms: (See Boros.) 

Caridarus [Error for Cariderus]. 

Cariderus Mulsant, 1859, in Mulsant and Rey, 
Hist. Nat. Coléop. France 10, Rostrif.: 46. 
{Subgenus of Rhinosimus.] 

Type: Rhinosimus aeneus Olivier [1807]. 

Fixation: Monobasic. 

Variant spellings: Caridarus Seidlitz, 
Deutsche Ent. Zeitschr. 1916: 325. 

Synonyms: Rhinosimus Latreille, 1802. Sub- 
genus. 

Chanopterus Boheman, 1858, Kongliga Svenska 
Fregatten Eugenies Resa, Zool. 2, fasc. 1, 
Ins.: 98. 

Type: Chanopierus paradorus Boheman, 1858. 

Fixation: Monobasic. 

Subsequent designations: 1920, Lucas: 177, 
Chanopterus paradorus Boh. 1858. 

Chilopeltis Seidlitz, 1917, Deutsche Ent. Zeitschr. 
1916 (1917) : 423, 424 (Feb. 1, 1917). 

Type: Chilopeltis insculpta Seidlitz, 1917. 

Fixation: Here designated. 

Synonyms: Platylissodema Biair, 
specific genotypes. 

Chorimerinum [Error for Chorimerium]. 

Chorimerium Behrens, 1887, Stettiner Ent. 
Zeitung 48: 20 (February). 

Type: Chorimerium antarcticum Behrens, i887. 

Fization: Monobasic. 

Variant spellings: Chorimerinum Seidlitz, 1916, 
Deutsche Ent. Zeitschr. 1916: 343. 

Synonyms: Perimylops Miiller, 1884. Conspecific 
genotypes. 

Notes: The type species of Chorimerium and 
Perimylops were found to be subjective 
synonyms by Enderlein (1912, Kungi. Svenska 
Vet.-Akad. Handl. 48 (3): 134). 


1916, 


1919. Con- 
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Cleodaeus Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coleop. 4 (2): 100 (August). 

Type: Cleodaeus rugiceps Champion, 1889. 

Fixation: Monobasic. : 

Colposinus Seidlitz, 1917, Deutsche Ent. Zeitschr. 
1916 (1917): 390, 487 (Feb. 1, 1917). 

Type: Rhinosimus viridipennis Latreille, 1804. 

Fization: Seidlitz, by using the name Colposinus 
in the synonomy of Vincenzellus (‘‘Colposinus 
Seidlitz i. lit.””) whose type was viridipennis. 

Synonyms: Vincenzellus Reitter, 1911. Iso- 
genotypic. 

Colposis Mulsant, 1859, in Mulsant and Rey, 
Hist. Nat. Coléop. France 10, Rostrif.: 41. 
[Subgenus of Salpingus.] 

Type: Salpingus (Colposis) virescens Mulsant, 
1859. 

Fixation: Monobasic. 

Comonotus [Error for Cononotus]. 

Conomorphinus Champion, 1916, Ent. Monthly 
Mag. 52 (ser. 3, 2): 149 (July). 

Type: Conomorphinus bolivianus Champion, 1916. 
Fixation: Original designation and monobasic. 
Conomorphus Champion, 1889, Biol. Centr.- 

Amer., Zool., Ins., Coleop. 4 (2): 98 (August). 

Type: Conomorphus pilosus Champion, 1889. 

Fization: Original designation. 

Homonyms: Conomorphus Braun, 1900. 

Cononotus LeConte, 1851. Ann. Lye. New York 
5: 137 (September). 

Type: Cononotus sericans LeConte, 1851. 

Fixation: Here designated. 

Variant spellings: Comonotus Fowler, 1912. 
Fauna of British India, Coleop., Gen. Intr.: 
166. 

Crymodes LeConte, 1850, in 
Superior: 232. 

Type: Crymodes discicollis LeConte, 1850. 

Fixation: Monobasic. 

Lapsus calamorum: Cryphaeus LeConte, 1850, 
in Agassiz, Lake Superior: pl. 8, figs. 11, 
11 a-b. 

Homonyms: Crymodes Guénée, 1841. 

Synonyms: Lecontia Champion, 1889. Isogeno- 
typic. (See Boros.) 

Cycloderus Solier, 1851. Included in the Oedemeri- 
dae by Arnett (1950, Journ. Washington 
Acad. Sci. 40: 217-225). 

Cyclopidius Seidlitz, 1890, Fauna Baltica, ed. 2, 
Arten: 555. [New name for Cyclops Mulsant, 
1859. ] 

Type: Bruckws umbellatorum Fabricius, 1787. 

Fixation: Seidlitz, by proposing Cyclopidius as a 
new name for Cyclops whose type was um- 
bellatorum. 

Homonyms: Cyclopidius Cope, 1878. 

Synonyms: Cyclops Mulsant, 1859. Isogenotypic. 

Triconatus new name. Isogenotypic. 
(See Mycterus). 

Cyclops Mulsant, 1859, in Mulsant and Rey, 
Hist. Nat. Coléop. France 10, Rostrif.: 18. 
[Subgenus of Mycterus.] 

Type: Bruchus umbcllatorum [sic] 
1787. 

Fization: Monobasic. 


Agassiz, Lake 


Fabricius, 
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Homonyms: Cyclops Miiller, 1776. 
Cyclops Montfort, 1810. 
Synonyms: Cyclopidius Seidlitz, 1890. Isogeno- 
typic. 
Triconatus new name. Isogenoty pic. 
(See Mycterus.) 
Dromiosalpingus Pic, 1919, Mélanges exot.-ent., 
fase. 30: 2 (June 10). 
Type: S{alpingus] distincticollis Pie [1904j. 
Fization: Monobasic. 
Synonyms: Salpidema Alluaud, 1895. Congenerie 
genotypes. 
Elosoma Motschulsky, 1845, Bull. Soc. Imp. Nat. 
Moscou 18 (1): 33. 
Type: Elosoma persica Motschulsky, 1845. 
Fixation: Virtually monobasic. 
See: Aegialites Mannerheim, 1853, in appendix. 
Enoptes Gistel, 1848, Naturgeschichte des Thier- 
reichs: X. [New name for Pytho Latreille, 
1796.) 
Type: Cucujus coeruleus Fabricius, 1792. 
Fization: Gistel, by proposing Enoptes as a uew 
name for Pytho whose type was coeruleus. 
Synonyms: (See Pytho.) 
Eurypinus Champion, 1916, Ent. Monthly Mag. 
62 (ser. 3, 2): 145 (July). 

Type: Eurypinus nyasae Champion, 1916. 
Fixation: Original designation and monobasic. 
Eurypus Kirby, 1818, Trans. Linn. Soc. London 

12: 389, 390. 

Type: Eurypus rubens Kirby, 1818. 

Fization: Monobasic. 

Subsequent designations: 1840, Hope: 138, 
Eurypus Rubens Kirby; 1843, Blanchard, 12: 
pl. 33, fig. 5, Hurypus rubens Kirby; 1870, 
Crotch: 232, Eurypus rubens Kirby, 1818. 

Homonyms: Eurypus Pascoe, 1860. 

Eurypus Semper, 1870. 
Eurystethes Seidlitz, 1916, Deutsche Ent. 
Zeitschr. 1916: 127 (July 1). [New name for 
Aegialites Mannerheim, 1853.] 

Type: Aegialites debilis Mannerheim, 1853. 

Fization: Seidlitz, by proposing Eurystethes as a 
new name for Aegialites Mannerheim, 1853, 
whose type was debilis. 

Variant spellings: Eurystethus Leng, 1920, Cat. 


Coleop. Amer. N. Mexico: 
160. 
Eurystethus Neave, 1939, 
Nomen. Zool. 2: 367. 
Eurystethus Spilman, 1952, 


Coleop. Bull. 6: 12. 

Synonyms: Aegialites Mannerheim, 1853. Iso- 

genotypic. 

See: Aegialites Mannerheim, 1853, in appendix. 
Eurystethus [Error for Eurystethes]. 
Falsolanthanus Pic, 1919, Mélanges exot.-ent., 

fase. 30: 3 (June 10). 

Type: Lanthanus albonotatus Pic [1914]. 

Fixation: Monobasic. 

Synonyms: Platysalpingus Blair, 1919. Subgenus. 
Grammatodera’ Champion, 1916, Ent. Monthly 

Mag. 52 (ser. 3, 2): 152 (July). 
Type: Grammatodera bifasciata Champion, 1916. 
Fixation: Original designation and monobasic. 
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Hybogaster Seidlitz, 1917, Deutsche Ent. Zeitschr. 
1917: 93, 98 (July 1). 

Type: Hybogaster Muelleri Seidlitz, 1917. 

Fization: Here designated. 

Homonyms: Hybogaster Szépligeti, 1906. 

Synonyms: Suggibbus new name. Isogenotypic. 

Istrisia Lewis, 1895, Ann. Mag. Nat. Hist. (6) 15: 
254 (February). 

Type: Istrisia rufobrunnea Lewis, 1895. 

Fixation: Monobasic. 

Laccoderus Champion, 1916, Ent. Monthly Mag. 
52 (ser. 3, 2): 106 (May). 

Type: Laccoderus chilensis Champion, 1916. 

Fization: Original designation and monobasic. 

Synonyms: Batobius Fairmaire and Germain, 
1863. Congeneric genotypes. 

Notes: Laccoderus and its type species were 
described in the May issue of the Ent. 
Monthly Mag., but L. scaber and melanurus, 
the other included new species, were described 
in the June issue. 

Lacconotus LeConte, 1862, Smithsonian Misc. 
Coll. 3 (3): 255 (March). 

Type: Lacconotus punctatus LeConte, 1862. 

Fization: Monobasic. 

Lagrioida Fairmaire and Germain, 1860, Coleop. 
Chilensia 1: 3. [Not seen.] 

Type: Lagrioida rufula Fairmaire and Germain, 
1860. 

Fixation: Here designated. 

Lanthanus Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coleop. 4 (2): 108 (December). 

Type: Lanthanus variegatus Champion, 1889. 

Fixation: Here designated. 

Lecontia Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coieop. 4 (2): 104 (August). 
{New name for Crymodes LeConte, 1850.] 

Type: Crymodes discicollis LeConte, 1850. 

Fization: Champion, by proposing Lecontia as a 
new name for Crymodes whose type was 
discicollis. 

Synonyms: Crymodes LeConte, 1850. Isogeno- 
typic. (See Boros.) 

Lissodema Curtis, 1833, Ent. Mag. 1: 187. 

Type: Lissodema Heyana Curtis, 1833. 

Fization: Monobasic. 

Subsequent designations: 1838, Westwood: 13, 
Lissodema Heyana Curt. 

Homonyms: Lissodema Blanchard, 1845. 

Synonyms: Stenolissodema Desbrochers, 1900. 

Subgenus. 
Spinolissodema Pic, 1919. Subgenus. 

Loboglossa Solier, 1851. Included in the Oede- 
meridae by Arnett (1950, Journ. Washington 
Acad. Sci. 40: 217-225). 

Mimolanthanus Pic, 1942, Echange 58: 2 (Feb. 3). 
Type: Mimolanthanus nitidus Pic, 1942. 
Fization: Monobasic. 

Mycterellus Seidlitz, 1917, Deutsche Ent. 
Zeitschr. 1917: 103, 105, 116 (July 1). [Sub- 
genus of Mycterus.] 

Type: Mycterus quadricollis Horn, 1874. 

Fixation: Here designated. 

Synonyms: (See Mycterus.) 
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Mycterinus Seidlitz, 1917. Deutsche Ent. Zeitschr. 
1917: 103, 105, 115 (July 1). [Subgenus of 
Mycterus.] 

Type: Mycterus scaber Hald[eman, 1843]. 

Fixation: Here designated. 

Synonyms: (See Mycterus.) 

Mycteromimus Champion, 1917, Ann. Mag. Nat. 
Hist. (8) 19: 166 (February). 

Type: Mycteromimus insularis Champion, 1917. 
Fixation: Original designation and monobasic. 
Mycterus Schellenberg, 1798, in Schellenberg 

(Clairville), Helvet. Ent. 1: 124. 

Type: Mycterus griseus Schellenberg, 1798. 

Fixation: Monobasic. 

Subsequent designations: 1838, Westwood: 31, 
Mycterus griseus Clv.; 1844, Blanchard, 12: pl. 
53, fig. 11, Mycterus curculioides Fabr. 

Synonyms: Mycterinus Seidlitz, 1917. Subgenus. 

Mycterellus Seidlitz, 1917. Subgenus. 

Triconatus new name (=Cyclops 
Mulsant, 1859 =Cyclopidius Seid- 
litz, 1891). Subgenus. 

Notes: Schellenberg gave Rhinomacer curculioi- 
des Fabricius, 1781, the new name griseus; 
therefore, either griseus or curculioides can be 
considered available for subsequent designa- 
tion. 

Mystes Champion, 1895, Trans. Ent. Soc. London 
1895: 235 (June 1). 

Type: Mystes planatus Champion, 1895. 

Fixation: Monobasic. 

Neosalpingus Blackburn, 1891, Trans. Roy. Soc. 
South Australia 14: 334 (December). 

Type: Neosalpingus corticalis Blackburn, 1891. 

Fization: Blair (1919, Ent. Monthly Mag. 55 
(ser. 3, 5): 114), by subsequent designation. 

Variant spellings: Neosolpingus Seidlitz, 1916, 
Deutsche Ent. Zeitschr. 1916: 337. 

Synonyms: Austrosalpingus Blair, 1925. Iso- 
genotypic. 

See: Orphanotrophium in appendix. 
Neosolpingus [Error for Neosalpingus]. 
Notosalpingus Blackburn, 1891, Trans. Roy. Soc. 

South Australia 14: 333 (December). 

Type: Notosalpingus ornatus Blackburn, 1891. 
Fixation: Original designation and monobasic. 
Omineus Lewis, 1895, Ann. Mag. Nat. Hist. (6) 

16: 119 (July). 

Type: Omineus humeralis Lewis, 1895. 

Fixation: Monobasic. 

Synonyms: Phalysius Champion, 1916. Con- 
generic genotypes. 

Oncosalpingus Blair, 1919, Ent. Monthly Mag. 55 
(ser. 3, 5): 113, 122 (May). 

Type: Oncosalpingus podagricus Blair, 1919. 

Fization: Monobasic. 

Notes: The genus Oncosalpingus appeared in a 
key in the May issue of the Ent. Monthly 
Mag., but the generic description and the 
type species appeared in the June issue. 

Orphanotrophium, new name for Neosalpingus 
Seidlitz, 1917, not Blackburn, 1891. 

Type: Neosalpingus dentaticollis Blackburn, 

1891. 
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Fixation: Here designated. 

Notes: Orphanotrophium: L., orphan asylum. 
Neosalpingus Seidlitz, 1917, waa a new combi- 
nation, not a new name. In addition to the 
type species, Lissodema fallax Seidlitz, 1916, 
Lissodema frigidus Blackburn, 1891, and 
Neosalpingus brevis Lea, 1918, are included in 
Orphanotrophium. 

See: Orphanotrophium in appendix. 

Orygmus Gistel, 1848, Naturgeschichte des 
Thierreichs: XI. [New name for Aegialites 
Dejean, 1833.] 

Nomen nudum, by being proposed as a new 
name for the nomen nudum Aegialites Dejean, 
1833. 

Perimylops Miiller, 1884, Deutsche Ent. Zeitschr. 
28: 419 (November). 

Type: Perimylops antracticus {sic] Miller, 1884. 

Fization: Monobasic. ™ 

Subsequent designations: 1885, Kirby, Zool. 
Rec. 21, 1884 (1885), Ins.: 85, Perimylops 
antracticus [sic], Miiller, 1884; 1920, Lucas: 
494, Perimylops antarcticus Miill. 1884. 

Synonyms: Chorimerium Behrens, 1887. Con- 
specific genotypes. 

Phalysius Champion, 1916, Ent. Monthly Mag. 
62 (ser. 3, 2): 150 (July). 

Type: Phalysius caeruleus Champion, 1916. 

Fixation: Original designation and monobasic. 

Synonyms: Omineus Lewis, 1895. Congeneric 
genotypes. 

Physciomorphus [Error for Physiomorphus]. 

Physcius Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coleop. 4 (2): 101 (August). 

Type: Physcius conicus Champion, 1889. 

Fixation: Monobasic. 

Physiomorpha (Error for Physiomorphus]. 

Physiomorphus Pic, 1917, Mélanges exot.-ent., 
fase. 22: 16 (Feb. 20). 

Type: Physiomorphus atricolor Pic, 1917. 

Fization: Monobasic. 

Variant spellings: Physciomorphus Pic, 

Bull. Soe. Ent. 
1917: 151. 

Physciomorphus Sharp, 1919, 
Zool. Rec. 64, 1917 (1919), 
Ins.: 105. 

Physiomorpha Schulze and 
others, 1934, Nomen. animal. 
gen. subgen. Preuss. Akad. 
Wiss. Berlin 4: 2677. 

Physiomorpha Neave, 
Nomen. Zool. 3: 751. 

Phytho [Error for Pytho]. 
Phyto [Error for Pytho]. 
Platamops Reitter, 1878, Verh. zool.-bot. Ges. 
Wien 27, 1877 (1878): 177. 
Type: Platamops decoratus Reitter, 1878. 
Fixation: Here designated. 
Synonyms: Spithobates Champion, 1889. Con- 
generic genotypes. 
Platylissodema Blair, 1919, Ent. Monthly Mag. 
55 (ser. 3, 5): 113, 117 (May). 
Type: Lanthanus Rouyeri Pic, 1914. 
Fixation: Original designation. 


1917, 
France 


1940, 
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Synonyms: Chilopeltis Seidlitz, 1917. Conspec fic 
genotypes. 

Notes: Platylissodema bryanti was given as sp. n. 
by Blair in the event he misidentified Lanti/ia- 
nus Rouyeri Pic. 

Platysalpingus Blair, 1919, Ent. Monthly Mag. 55 
(ser. 3, 5): 113, 118 (May). 

Type: Rhinosimus wallacei Pasc[oe, 1860]. 

Fixation: Original designation. 

Synonyms: Falsolanthanus Pic, 1919. Subgenus. 

Polypria Chevrolat, 1874. Included in the Meland- 
ryidae by Spilman (1952, Coleop. Bull. 6: 12). 

Podphilax (Error for Poéphylaz}. 

Podphylax Champion, 1916, Ann. Mag. Nat. Hist. 
(8) 17: 311 (April). 

Type: Poéphylax falklandica Champion, 1916. 

Fixation: Original designation and monobasic. 

Variant spellings: Podphilar Blair, 1928, in 
Junk and Schenkling, Coleop. Cat. 17, pt. 99, 
Pythidae: 15. 

Priogmathus [Error for Priognathus]. 
Priognathus LeConte, 1850, in Agassiz, Lake 
Superior: 233. 

Type: Ditylus monilicornis Randall [1838]. 

Fixation: Monobasic. 

Variant spellings: Priogmathus Seidlitz, 1917, 
Deutsche Ent. Zeitschr. 1916 (1917): 390. 
Promecheilus Solier, 1851, in Gay, Hist. Fis. Pol. 

Chile, Zool. 6: 251. 

Type: Promecheilus variegatus Solier, 1851. 

Fixation: Monobasic. 

Emendations: Promecochilus 
Harold, 1870. 

Variant spellings: Promechilus Fairmaire and 

Germain, 1863, Ann. Soc. 
int. France (4) 3: 266. 
Promechilus Marshall, 1873, 

Nomen. Zool.: 236. 
Promechilus Seidlitz, 1916 
and 1917, Deutsche Ent. 
Zeitschr. 1916: 117, 126, 
327; 1916 (1917) : 396. 
Promecochilus Marshall, 
1873, Nomen. Zool.: 236. 

Synonyms: Promecochilus Gemminger and 
Harold, 1870. Isogenotypic. 

Promechilus [Error for Promecheilus}. 

Promecochilus Gemminger and Harold, 1870, 
Cat. Coleop. 7: 2165. [Emendation of Pro- 
mecheilus Solier, 1851.] 

Type: Promecheilus variegatus Solier, 1851. 

Fization: Gemminger and Harold, by proposing 
Promecochilus as an emendation of Pro- 
mecheilus whose type was variegatus. 

Synonyms: Promecheilus Solier, 1851. Isogeno- 
typic. 
Pseudorabocerus Pic, 1903, Echange 19: 140 
(July). [Subgenus of Salpingus.] 
Type: Salpingus Lederi Reitt{er, 1888}. 
Fization: Monobasic. 
Pytho Fabricius, 1801, Systema Eleutheratorum 
2: 95. [Emendation of Tytho Latreille, 1796.] 
Type: Cucujus coeruleus Fabricius [1792]. 
Fixation: Latreille (1810: 429), by subsequent 
designation. 
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Subsequent designations: 1840, Hope: 133, Pytho 
Caeruleus Fabricius; 1844, Blanchard, 12: pl. 
52, fig. 3, Pytho depressus Lin., originally in- 
cluded as a synonym of type; 1847, Chevrolat, 
10: 663, Pytho depressus (Tenebrio) Lin., 
originally included as a synonym of type. 

Variant spellings: Phytho Kiefer and Moos- 

brugger, 1942, Mitt. 
Miinchner Ent. Ges. 32: 
494. 
Phyto Seidlitz, 1916, Deut- 
sche Ent. Zeitschr. 1916: 
344. 
Synonyms: Pytholus Rafinesque, 1815. Isogeno- 
typic. 
Enoptes Gistel, 1848. Isogenotypic. 

Notes: Fabricius included three species in 
Pytho. These were the first included species. 

Pythoceropsis Wickham, 1913, Bull. Lab. Nat. 
Hist. State Univ. Iowa 6 (4): 20 (Apr. 26). 
[Fossil.] 

Type: Pythoceropsis singularis Wickham, 1913. 

Fixation: Original designation and monobasic. 

Pytholus Rafinesque, 1815, Analyse de la Na- 
ture .... (Palermo): 114. [New name for 
Pytho Latreille, 1796.) 

Type: Cucujus coeruleus Fabricius, 1792. 

Fixation: Rafinesque, by proposing Pytholus as 
a new name for Pytho whose type was coeru- 
leus. 

Synonyms: Pytho Latreille, 1796. Isogenotypic. 

Enoptes Gistel, 1848. Isogenotypic. 

Pythonidium Heer, 1870, Kongliga Svenska Vet.- 
Akad. Handl., n.s. 8 (7), 1869 (1870): 75. 
[Fossil.] 

Type: Pythonidium metallicum Heer, 1870. 

Fixation: Monobasic. 

Rabocerus Mulsant, 1859, in Mulsant and Rey, 
Hist. Nat. Coléop. France 10, Rostrif.: 22, 43. 

Type: Salpingus foveolatus Ljungh, 1823. 

Fixation: Monobasic. 

Variant spellings: Rhabocerus Gemminger and 
Harold, 1870, Cat. Coleop. 7: 2059. 

Rhabocerus [Error for Rabocerus}. 

Rhinosimue [Error for Rhinosimus]. 

Rhinosimus Latreille, 1802. Hist. Nat. Crust. 
Ins. 3: 192. 

Type: Anthribus planirostris F{abricius, 1787]. 

Fixation: Monobasic. 

Subsequent designations: 1810, Latreille: 430, 
Anthribus roboris Fab., not originally in- 
cluded; 1844, Blanchard, 12: pl. 53, fig. 12, 
Rhinosimus roboris, not originally included; 
1848, Chevrolat, 11: 109 (see my introduc- 
tion); 1870, Crotch: 217, Anthr. planirostris 
Fabr. (A. roboris Latr., 1810). 

Variant spellings: Rhinosimue Seidlitz, 1916, 
Deutsche Ent. Zeitschr. 1916: 318. 

Homonyms: Rhinosimus Duméril, 1853. 

Synonyms: Cariderus Mulsant, 1859. Subgenus. 

Rhopalobrachium Boheman, 1858. Included in the 
Oedemeridae by Arnett (1950, Journ. Wash- 
ington Acad. Sci. 40: 217-225). 

Salpidema Alluaud, 1895. Bull. Soc. Ent. France 
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1895: cccLtvir, cccLvi1. [Subgenus of Sal- 
pingus.| 

Type: Salpingus (Salpidema) soror Alluaud, 
1895. 

Fixation: Monobasic. 

Synonyms: Dromiosalpingus Pic, 1919. Con- 
generic genotypes. 

Salpingellus Reitter, 1911, Fauna Germanica 3: 
415. [Subgenus of Sphaeriestes.| 

Type: Sphaeriestes ater Payk[ull, 1798). 

Fization: Here designated. 

Synonyms: (See Sphaeriestes Kirby, 1829). 

Salpingus Illiger, 1801, Mag. fiir Insekt. 1: 150. 

Type: Anthribus Roboris [Fabricius, 1787]. 

Fixation: Latreille (1802, Hist. Nat. Crust. Ins. 
3: 192), by elimination. Latreille made 
Anthribus planirostris F., the other included 
species of Salpingus, the monobasic type of 
Rhinosimus. 

Subsequent designations: 1838, Westwood: 30, 
Cur. ruficollis Linn., not originally included; 
1870, Crotch: 215. Anthr. roboris. 

Sosthenes Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coleop. 4 (2): 106 (December). 

Type: Sosthenes dyschirioides Champion, 1889. 

Fixation: Monobasic. 

Sphaerieste [Error for Sphaeriestes Kirby, 1829]. 

Sphaeriestes Kirby, 1829, MS in Stephens, 
Nomen. British Insects: 16 (June 1: N.D. 
Riley in litt. J. G. Franclemont). 

Type: Sphaeriestes ater Gylifenhal, 1810]. 

Fixation: Curtis (1837, Brit. Ent. 14: no. 662), 
by subsequent designation. 

Subsequent designations: 1838, Westwood: 31, 
Salp. ater Gyll. 

Emendations: Sphaeriesthes Schenkling, 1922. 

Variant spellings: Sphaerieste Seidlitz, 1917, 

Deutsche Ent. Zeitschr. 
1916 (1917): 464. 
Sphaeriesthes Sharp, 1912, 
Zool. Rec. 48, 1911 (1912), © 
Ins. : 222. 
Homonyms: Sphaeriestes LeConte, 1850. 
Synonyms: Sphaeriestes LeConte, 1850. Con- 
generic genotypes. 
Salpingellus Reitter, 1911. Isogeno- 


typic. 

Trichocolposinus Seidlitz, 1917. Sub- 
genus. 

Sphaeriesthes Schenkling, 1922. Iso- 
genotypic. 


Sphaeriestes LeConte, 1850, in Agassiz, Lake 
Superior: 232. 
Type: Sphaeriestes virescens LeConte, 1850. 
Fixation: Monobasic. 
Homonyms: Sphaeriestes Kirby, 1829. 
Synonyms: (See Sphaeriestes Kirby, 1829). 
Notes: LeConte stated in his introduction that 
a name listed without an author was to be 
considered new. The listing of Sphaeriestes 
without an author seems to be an accidental 
omission, for the older Sphaeriestes was well 
known, and virescens undoubtedly belongs 
to it. 
Sphaeriesthes Schenkling, 1922, Nomen. Coleop.: 
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104. [Emendation of Sphaeriestes Kirby, 
1829. } 

Type: Sphaeriestes ater Gyllenhal, 1810. 

Fixation: Schenkling, by proposing Sphaeries- 
thes as an emendation of Sphaeriestes whose 
type was ater. 

Synonyms: (See Sphaeriestes Kirby, 1829). 
Sphaeriesthes | Error for Sphaeriestes Kirby, 1829]. 
Spinolissodema Pic, 1919, Mélanges exot.-ent., 

fase. 30: 3 (June 10). [Subgenus of Lissodema.| 

Type: Lissodema (Spinolissodema) unifasciata 
Pic, 1919. 

Fixation: Monobasic. 

Synonyms: (See Lissodema). 

Spithobates Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coleop. 4 (2): 104 (August). 

Type: Spithobates setosus Champion, 1889. 

Fixation: Here designated. 

Synonyms: Platamops Reitter, 1878. Congeneric 
genotypes. 

Notes: The generic description of Spithobates 
appeared in the part issued in August, but 
the species to be included appeared in the 
part issued in December. 

Stenolissodema Desbrochers, 1900 Frelon 8 (10- 
11): 6, 16 (Sept. 3). 

Type: Lissodema lituratum Costa [1847]. 

Fixation: Monobasic. 

Synonyms: (See Lissodema). 

Notes: In an error on page 15, Desbrochers says 
Stenolissodema was erected for L. litura, but 
his true intentions are clearly shown on 
pages 16 and 19. 

Stictodrya Champion, 1917, Ann. Mag. Nat. Hist. 
(8) 19: 165 (February). 

Type: Stictodrya longipennis Champion, 1917. 

Fixation: Original designation and monobasic. 
Suggibbus, new name for Hybogaster Seidlitz, 1917. 

Type: Hybogaster Muelleri Seidiitz, 1917. 

Fixation: Here, by proposing Suggibbus for 
Hybogaster whose type is Muelleri. 

Synonyms: Hybogaster Seidlitz, 1917. Isogeno- 
typic. 

Notes: Suggibbus: L., sub—under, gibbus— 
hump. In addition to the type species, Lobo- 
glossa australica Champion, 1916, and Hy- 
bogaster scotodoides Seidlitz, 1917, are included 
in Suggibbus. 

Tasmosalpingus Lea, 1919, Proc. Linn. Soc. New 
South Wales 43, 1918 (1919): 743 (Mar. 26). 

Type: Tasmosalpingus quadrispilotus Lea, 1919. 

Fixation: Original designation. 

Tellias Champion, 1895, Trans. Ent. Soc. London 
1895: 236 (June 1). 

Type: Tellias fumatus Champion, 1895. 

Fixation: Monobasic. 

Synonyms: Trichosalpingus Blackburn, 
Congeneric genotypes. 

Thisias Champion, 1889, Biol. Centr.-Amer., 
Zool., Ins., Coleop. 4 (2): 102, (August). 

Type: Thisias marmoratus Champion, 1889. 

Fixation: Monobasic. 

Trichocolposinus Seidlitz, 1917, Deutsche Ent. 
Zeitschr. 1916 (1917): 489, 493 (Feb. 1, 1917). 
[Subgenus of Vincenzellus.]| 


1891. 
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Type: Vincenzellus hirtus Br[oun, 1886}. 

Fixation: Blair (1925, Ent. Monthly Mag. 61 
(ser. 3, 11): 215), by subsequent designation. 

Synonyms: (See Sphaeriestes Kirby, 1829). 

Notes: When designating the type species, 
Blair transferred the subgenus T'richocolpvsi- 
nus from Vincenzellus to Sphaeriestes Kirby, 
1829. However, Blair (1928, in Junk «nd 
Schenkling, Coleop. Cat. 17, pt. 99, Pythidae) 
places the name Trichocolposinus under 
Vincenzellus and the type species, hirtus 
Broun, under Sphaeriestes. I consider 7'ri- 
chocolposinus a subgenus of Sphaeriestes. 

Trichosalpingus Blackburn, 1891, Trans. Roy. 
Soc. South Australia 14: 332 (December). 

Type: Trichosalpingus brunneus Blackburn, 
1891. 

Fixation: Monobasic. 

Synonyms: Tellias Champion, 1895. Congeneriec 
genotypes. 

Trichosphaeriestes Blair, 1919, Ent. Monthly 
Mag. 56 (ser. 3, 5): 113, 121 (May). 

Type: Trichosphaeriestes fryi Blair, 1919. 

Fization: Monobasic. 

Notes: The genus T'richosphaeriestes appeared 
in a key in the May issue of Ent. Monthly 
Mag., but the generic description and the 
type species appeared in the June issue. 

Triconatus, new name for Cyclops Mulsant, 1859, 
and Cyclopidius Seidlitz, 1891. 

Type: Bruchus umbellatorum Fabricius, 1787. 

Fixation: Here, by proposing Triconatus for 
Cyclops and Cyclopidius, the type of each 
being umbellatorum. 

Synonyms: Cyclops Mulsant, 1859. Isogenotypice. 

Cyclopidius Seidlitz, 1891. Isogeno- 
typic. (See Mycterus). 

Notes: Triconatus: L., tri—three, conatus— 
attempt. In addition to the type species, 
Mycterus tibialis Kiister, 1850, and Mycterus 
ar‘-culatus Reitter, 1811, are included in 
Triconatus. 

Trimitomerus Horn, 1888, Trans. Amer. Ent. 
Soc. 15: 44 (April). 

Type: Trimitomerus Riversii Horn, 1888. 

Fixation: Monobasic. 

Tytho Latreille, 1796, Prec. Car. Gen. Ins.: 23. 
[No species. ] 

Type: Cucujus coeruleus Fabricius, 1792. 

Fization: Latreille (1810: 429), by subsequent 
designation for the emendation Pytho Fabri- 
cius, 1801. 

Emendations: Pytho Fabricius, 1801. 

Synonyms: (See Pytho). 

Notes: The vernacular Pythe appeared beside 
Tytho, indicating the latter to be a typo- 
graphical error. 

Vincenzellus Reitter, 1911, Fauna Germanica 3: 
418. [Subgenus of Rhinosimus.] 

Type: Rhinosimus viridipennis Latr{eille, 1804]. 

Fixation: Monobasic. 

Synonyms: Colposinus Seidlitz, 1917. Isogeno- 
typic. 

See: T'richocolposinus. 
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CORRECTIONS TO THE CATALOGUE OF THE 
SALPINGIDAE 

The following list will enable one to correct 
the present catalogue of the Salpingidae of 
Blair (1928, in Junk and Schenkling, Coleop. 
Cat. 17: pt. 99, Pythidae). The number of 
subfamilies is different from that of Blair, 
but the sequence of genera is the same. 
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The generic name to be used is listed first. 
A subgenus is indicated by ‘“subgen.” A 
junior synonym of a genus or subgenus is 
listed directly under its senior synonym. 
An ‘‘x”’ before a generic ng -1e indicates that 
an addition to, or correction of, the catalogue 
is to be made. A generic name different from 
that in the catalogue has the catalogue name 
in parentheses beside it. 


AEGIALITINAE 


x Elosoma 
x Aegialites Mannerheim 
Eurystethes 
Aegialites Dejean [nom. 
nud.| 
Orygmus [nom. nud.]} 


SALPINGINAE 


x Pythe 
Tytho 
Pytholus 
Enoptes 
Priognathus 
x Boros (Lecontia) 
Borus Wliger 
Borus Agassiz 
subgen. Lecontia 


Notosalpingus Eurypus 
Trichosphaeriestes Physcius 
Istrisia Physiomorphus 
Sosthenes Cleodaeus 
x Pobphylax (Poép\ilax) Conomorphus 
x Sphaeriestes Kirby Conomorphinus - 
Sphaeriestes LeConte Omineus 
Salpingellus Phaiysius 
Sphaeriesthes x Suggibbus (Hybogaster) 
subgen. T'richocolposinus Hybogaster 
Rabocerus Grammatodera 
Pseudorabocerus Lacconotus 
Colposis Eurypinus 
Oncosalpingus x Mycterus 
x Neosalpingus (Austrosalpin- subgen. Mycterinus 
gus) subgen. Mycterellus 


Austrosalpingus 
x Vincenzellus 
Colposinus 


subgen. Triconatus 
Cyclops 
Cyclopidius 





Crymodes x Rhinosimus (Cariderus) Mycteromimus 
Trimitomerus subgen. Cariderus 
Lanthanus x Salpingus (Rhinosimus) TRcenTan sunee 
Chilopeltis x Mimolanthanus 
Platylissodema [Included by Seidlitz, not by 
Platysalpingus CONONOTINAE Blair] 
subgen. Falsolanthanus Cononotus Chanopterus 
Tasmosalpingus Mystes 
Platamops Ss at Perimylops 
Spithobates Se Chomerium 
x Orphanotrophium (Neosal- Lagrioida Promecheilus 
pingus) Batobius Promecochilus 
Lissodema Laccoderus 
subgen. Stenolissodema Trichosalpingus FOSSILS 
subgen. Spinolissodema Tellias 
Salpidema Thisias Pythonidium 
Dromiosalpingus Stictodrya Pythoceropsis 


APPENDIX 
Genus Aegialites Mannerheim, 1853 


The nomenclatorial status of this genus has 
been in confusion ever since Dejean, in 1833, gave 
us the nomina nuda Aegialites and debilis. The 
availability of the generic name is the point of 
confusion, for Kaup, in 1829, had written Aegia- 
lites for the avian generic name Aegialitis Boie, 
1822. As a result, two new names were eventually 
proposed for the beetle generic name. The first, 
Orygmus, was proposed by Gistel in 1848 for 
Aegialites Dejean, and the second, Eurystethes, 
was proposed by Seidlitz in 1916 for Aegialites 


of Mannerheim, who in 1853 gave the first 
description of the beetle genus and species. Both 
Gistel and Seidlitz evidently believed that an 
error of spelling preoccupied a name, but Opinion 
29, of the International Commission on Zoological 
Nomenclature, implies that an error has no 
status in nomenclature. Aegialites Mannerheim, 
1853, is, therefore, held to be the correct name 
for debilis Mannerheim, 1853. Orygmus could not 
be used because it is, like Aegialites Dejean, a 
nomen nudum. 

Eurystethes, corrected to Aegialites herein, was 
included in the Salpingidae by Spilman (1952, 
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Coleop. Bull. 6: 12), and its close relative Elosema 
is included in this list. 


Genus Orphanotrophium, n. name 


The genus Neosalpingus, as described by 
Blackburn in 1891, contained N. corticalis and 
dentaticollis spp. n., neither of which was desig- 
nated as type species. In 1917, Seidlitz removed 
corticalis to Vincenzellus Reitter, 1911, which 
made dentaticollis the only species remaining in 
Neosalpingus. In 1919, Blair, not having re- 
ceived Seidlitz’s revision because of World War 
I, designated N. corticalis type of Neosalpingus. 
Then Blair, in his 1925 comments on Seidlitz’s 
revision, interprets Seidlitz’s action as fixing 
dentaticollis as the type of Neosalpingus by 
elimination, and at the same time, because he 
believed corticalis could not be considered a 
member of Vincenzellus, proposed the new name 
Austrosalpingus for corticalis. 

Opinion 6 of the International Commission on 
Zoological Nomenclature states that type by 
elimination can occur in this case only when a 
subsequent author selects one of the species 
concerned to be the type species of a new mono- 
basic genus. This did not happen in Seidlitz’s 
revision, because corticalis could not become the 
type of the previously described Vincenizellus. 
As a result of Blair’s 1919 and 1925 works, 
corticalis is the type species of both Neosalpingus 
Blackburn, 1891, and Austrosalpingus Blair, 
1925. With this objective position established, 


PROCEEDINGS OF THE 


ANTHROPOLOGICAL SOCIETY 


The Anthropological Society of Washington 
held its annual business meeting on January 22, 
1954, and elected the following officers: President, 
MarsHALL T. Newman; Vice President, WiLLIAM 
H. Gutpert; Secretary, Cart F. MuIer; 
Treasurer, Lucite E. Horme; Councilors to the 
Board of Managers, Harvey C. Moore (to 
1955), Joun C. Ewers (to 1955), Joun H. Cox 
(to 1956), Pamir Drucker (to 1956), JoHNn L. 
Correr (to 1957), Frank G. ANDERSON (to 
1957); Representative to the Washington Acad- 
emy of Sciences, WitL1AM H. GILBERT. 

A report of the membership and activities of 
the Society since the last meeting follows: The 
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we may now turn to the subjective opinions of 
the zoological position of corticalis. If we foliow 
Seidlitz in placing corticalis with the member: of 
Vincenzellus, both Vincenzellus and Austrosal- 
pingus will fall as junior synonyms of the older 
Neosalpingus of Blackburn. If, however, we fol- 
low Blair in keeping corticalis in a separate genus, 
we must use the name Neosalpingus with its 
junior synonym Austrosalpingus. Blair’s classifi- 
cation is maintained in the preceding ists, 
Therefore, the entity Neosalpingus Seidlitz, 
1917, with its species Neosalpingus dentaticollis 
Blackburn, 1891, is, like an orphan, left without 
an available name. An asylum is provided in the 
new name Orphanotrophium, proposed in the 
foregoing list for N. dentaticollis and its relatives. 

Seidlitz’s elimination has been rejected only 
because the eliminated species was not made the 
monobasic type of a different genus, as required 
by Opinion 6. This rejection does not seem to be 
logical, and I can think of no advantage to be 
attained by the use of the requirement, but one 
must, nevertheless, abide by the Rules in this 
case if he does in others. A logical method would 
not require that the eliminated species be made 
the type of another genus. It is indeed unfor- 
tunate that the new Rules will include the 
limited ruling of Opinion 6. 

(Since the above was written, I have been in- 
formed that type by elimination will not be in- 
cluded in the new Rules.) 


SOCIETIES 


membership on January 1, 1954, totaled 109, 
an increase of 3 over the total reported in January 
1953, which was 106. New members elected 
during the year totaled 13 and were: BerryJEAN 
W. Averitr, ALLEN OvVERTON BatTLe, Howarp 
F. Curing, Joun L. Correr, LAWRENCE KRADER, 
CHARLOTTE LEvIN, HELENE LUFBURROW, 
Witu1am G. Lursurrow, JR., GEORGE MET- 
CALF, WILLIAM NIBBLING, FrANcts M. Roserts, 
FRANKLYN A. SHERWOOD, and Irvine A. WAL- 
LacH. No deaths were reported during the year; 
6 members resigned, and 4 were dropped from the 
rolls. 

The report-of the Treasurer for the year ending 
December 31, 1953, follows: 
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Marcu 1954 PROCEEDINGS: 
Balance forwarded $656.65 
Receipts: 
Dues: 1952 (6) 9.00 
1953 (89) 133.50 
Less checks returned 1.50 
132.00 
1954 (4) 6.00 
147.00 
Dividends: Investment Co. of 
America 92.00 
Massachusetts Investors 
Trust 95.79 
Washington Sanitary Housing 20.00 
Perpetual Building Association 16.68 
224.47 
Sale of Old Series American Anthropologists 2.06 
Overpayment of dues forwarded by AAA for 
credit to account 1.00 
374.53 
Total 1,031.18 
Expenditures: 
Reinvestment: Perpetual Building 
Assn. 16.68 
Reinvestment: Investment Co. of 
America 35.04 
51.72 
Printer 82.05 
Program chairman’s expenses 4.65 
Speakers: Eisley 42.02 
Willey 98.95 
140.97 
AAA dues for secretary, treasurer, life member 22.50 
Railway Express Co. charges 4.80 
Bank charges .25 
Secretary's expenses 5.31 
Treasurer's expenses 3.00 
315.25 
Balance 715.93 
Statement of Assets: 
Dec. 31, 1952 Dec. 31, 1953 Increase 
Perpetual Building 
Assn. 552.32 569.00 16.68 


THE ACADEMY 95 
Washington Sani- 
tary Housing 4sh. 200.00 200.00 = 
Investment Co. of 
America 115 sh. 1,431.05 118 sh. 1,466.09 35.04 
Massachusetts In- 
vestment Trust.. 103 sh. 1,935.53 103 sh. 1,935.53 — 
Cash in bank 656.65 714.43 57.78 
Petty cash _— 1.50 1.50 
$4,775.55 $4,886.55 $111.00 


Activities: During the early part of the year 
programs were arranged by Drs. JoHNn A. JONES 
and Harvey C. Moore. This duty was later 


‘assumed by Drs. Berry Mreacrers, MARSHALL 


NeEwMaN, and Cuirrorp Evans (chairman), who 
worked up a panel of integrated papers repre- 
senting a series of theoretical and interpretative 
phases on New World prehistory. The following 
is a list of speakers and their topics: 


January 20, Dr. Frank Lorimer: The demog- 
raphy of preliterate societies. 

February 11, Georce L. Tracer: Communi- 
cation as the core of culture. 

March 11, Dr. Gorpon MacGrecor: Irag and 
the Point Four program. 

April 13, JoHn H. Youne: Archaeological 
relations between Cyprus and the Near East. 


October 20, Loren C. Etstey: The Paleo- 
Indians: Their survival and diffusion. 

November 19, Dr. Currrorp Evans: New 
archeological interpretations in northern South 
America. 


December 11, Dr. Gorpon R. Wiiiey: The 
interrelated rise of Middle and South American 
civilizations. 


Plans for publishing the integrated series of 
papers as part of the 75th anniversary of the 
founding of the Anthropological Society of Wash- 
ington were discussed at the annual business 
meeting on January 22, 1954. 

Cart F. Miter, Secretary. 


@Obituary 


Paut GoucH AGNEw was born in Hillsdale 
County, Mich., on July 3, 1881, and died in his 
sleep at his home in New York City, January 
8, 1954. He graduated from Hillsdale College 
in 1901 and then studied for a year at the Uni- 
versity of Michigan, taking a master’s degree. 
After teaching in high schools for three years he 
joined the staff of the National Bureau of Stand- 
ards in January 1906. 


The Bureau was then in its formative years, 
and Agnew’s vigor, sound judgment, and clear 
thinking contributed greatly to the shaping of its 
organization and its traditions. As a member of 
its Electrical Instruments Section he published 
a dozen technical papers announcing new devel- 
opments in the science of electrical measurement. 
One of these, “A Study of the Current Trans- 
former with Particular Reference to Iron Loss,” 
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is still a classic in its field. It also served as the 
thesis for his Ph.D. received from Johns Hopkins 
University in 1911. In this year also he married 
Ethna M. Heebner, whose constant and loving 
care during the 42 succeeding years enabled his 
sadly overworked body to carry on at the pace 
set by his eager mind. 

During the activities of the N.B.S. on military 
problems during World War I, Agnew became 
technical assistant to Dr. E. B. Rosa, chief 
physicist of the Bureau, and came in contact with 
the industrial problems of supply as handled by 
the War Industries Board. He became greatly 
impressed with the importance of more sys- 
tematic and effective industrial standardization 
and with the need for an organization which 
would provide a truly democratic method for 
attaining this result. When the scope of the 
American Engineering Standards Committee was 
broadened in 1920, with this object in view, his 
interest and abilities were recognized and he was 
selected for its executive officer. In 1929 it was 
reorganized as the American Standards Associ- 
ation with Agnew still as secretary and prime 
mover. 

Under his leadership this institution for pro- 
moting industrial standardization in a democratic 
society grew tremendously in scope and effective- 
ness. Its staff enlarged from 3 persons to 70 and 
its memberships from 5 engineering societies to a 
federation of some 100 national trade associations, 
technical societies and consumer organizations. 
His skill in debate and in reconciling conflicting 
points of view by pointing out the significance of 
the basic underlying facts of the problem was a 
major factor in this growth. 

He was also active in international standardi- 
zation. As one of the hosts to the secretaries of 
other national standardization bodies who met 
in New York in 1926, he officiated at the birth of 
the International Standard Association (ISA) 
and served on its Executive Council. Following 
World War ITI he again took a hand and helped 
draft the constitution of its successor, the new 
International Organization for Standardization 
(ISO). He guided the negotiations which merged 
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the US National Committee of the International 
Electrotechnical Commission with the Electrical 
Standards Committee of the ASA. By his work 
with the Coordinator of Inter-American Affairs 
he developed closer relations with the stand- 
ardizing bodies in Latin America. His eloquent 
testimony before the hearings of the Temporary 
National Economic Committee on trade barriers 
in 1940 was an important milestone in showing 
how standardization was a major factor in elimi- 
nating restraint of trade. 

In December 1947 he retired as active ad- 
ministrative head of ASA but remained in a 
consulting capacity until June 1952. 

He was a member of the American Institute 
of Electrical Engineers, the American Association 
for the Advancement of Science, the American 
Trade Association Executives, the Philosophical 
Society of Washington, and the Washington 
Academy of Sciences. 

His lifelong service to standardization was 
appropriately climaxed by the award to him in 
1951 of the Standards Medal of the American 
Standards Association. He was the first recipient 
of this gold medal, which is awarded annually for 
leadership in the development and application of 
voluntary standards. The citation which accom- 
panied it epitomizes his career, “His long serv- 
ice and leadership in the cause of standards 
began with the modern standards movement in 
America. Called from the National Bureau of 
Standards to serve as Secretary and first Execu- 
tive Officer of the American Engineering Stand- 
ards Committee, later renamed the American 
Standards Association, he guided its growth, built 
its staff and its membership, and steered its 
work for nearly thirty years. Possessed of world- 
wide view, he played a leading part in the inter- 
national standards movement which resulted 
successfully in the formation of today’s Inter- 
national Organization for Standardization. Author, 
scholar, scientist, outstanding authority on stand- 
ards in the United States, through a long and 
distinguished career, his name is written large, 
imperishably, and with honor in the world of 
standards.” 

F. B. SmssBee. 
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